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GEOMETRICAL  DRAWING 


INSTRUMENTS  AND  MATERIALS 

1.  A  dra^vlng  is  a  representation  of  objects  on  a  plane 
surface  by  means  of  lines  or  lines  and  shades.  When  done 
by  the  use  of  free  hand  only,  it  is  called  freehand  dra'w- 
In^  or  sketching;  when  instruments  are  used,  so  that 
greater  exactness  may  be  obtained,  it  is  called  Instru- 
mental, or  mechanical,  drawing. 

2.  All  the  instruments  and  materials  required  for  the 
courses  in  drawing  are  mentioned  in  the  following  descrip- 
tions : 

The  dra>vin|af  board  should  be  made  of  well-seasoned, 
straight-grained  pine,  the  grain  running  lengthwise.  For 
this  Course,  the  student  will  need  a  board  of  the  following 
dimensions:  length  over  all,  22^  inches;  width,  IGJ  inches. 

The  drawing  board  illustrated  in  Fig.  1  is  the  one  fur- 
nished in  our  students'  drawing  outfits  and  can  be  fully 
recommended  as  possessing  the  qualities  a  good  and  accu- 
rate board  should  have.  It  is  made  of  several  pieces  of  pine 
wood  glued  together  to  the  required  width  of  the  board.  A 
pair  of  hardwood  cleats  is  screwed  to  the  back  of  the  board, 
the  screws  passing  through  the  cleats  in  oblong  slots  with 
iron  bushings,  which  allow  the  screws  to  move  freely  when 
drawn  by  the  contraction  and  expansion  of  the  board. 
Grooves  are  cut  through  half  the  thickness  of  the  board 
over  the  entire  back  side.  These  grooves  take  the  trans- 
verse resistance  out  of  the  wood  and  allow  it  to  be  controlled 
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by  the  cleats,  at  the  same  time  leaving  the  longitudinal 
strength  nearly  unimpaired.  In  order  to  provide  a  per- 
fectly smooth  working  edge  for  the  head  of  the  T  square  to 
slide  against  a  strip  of  hard  wood  is  let  into  the  short  edges 


Fig.  1 


of  the  board,  and  is  sawed  through  in  several  places,  in  order 
to  allow  for  the  contraction  and  expansion  of  the  board.  The 
cleats  also  raise  the  board  from  the  table,  thus  making  it 


Fig.  2 


easier  to  change  the  position  of  the  board.  When  in  use,  the 
board  is  placed  so  that  one  of  the  short  edges  is  at  the  left 
of  the  draftsman,  as  shown  in  Fig.  2. 

3.  The  T  square  is  used  for  drawing  horizontal  straight 
lines.  The  head  A  is  placed  against  the  left-hand  edge  of 
the  board,  as  shown  in  Fig.  2.  The  upper  edge  C  of  the 
blade  B  is  brought  very  near  to  the  point  through  which  it 
is  desired  to  pass  a  line,  so  that  the  straight  edge  C  of  the 
blade  may  be  used  as  a  guide  for  the  pen  or  pencil.  It  is 
evident  that  all  lines  drawn  in  this  manner  will  be  paralleL 
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Vertical  lines  are  drawn  by  means  of  triangles.  The  tri- 
angles most  generally  used  are  shown  in  Figs.  3  and  4,  each 
of  which  has  one  right  angle.     The  triangle  shown  in  Fig.  3 


'N 


\ 


hastwo  angles  of  46°  each,  and  that  inPig,4oneof  60°  and 
one  of  30°.  They  are  called  ^5°  and  60°  triangles^  respect- 
ively. To  draw  a  vertical 
line,  place  the  T  square  in 
position  to  draw  a  hori- 
zontal line,  and  lay  the  tri- 
angle against  it,  so  as  to 
form  a  right  angle.  Hold 
both  T  square  and  triangle 
lightly  with  the  left  hand, 
so  as  to  keep  them  from 
slipping,  and  draw  the  line 
with  the  pen  or  pencil  held  in  the  right  hand,  and  against 
the  edge  of  the  triangle.  Pig.  5  shows  the  triangles  and 
T  square  in  position. 

4.  For  drawing  parallel  lines  that  are  neither  vertical 
nor  horizontal,  the  simplest  and  best  way,  when  the  lines 
are  near  together,  is  to  place  one  edge  of  a  triangle, 
as  ab.  Fig.  6,  on  the  given  line  c  d,  and  lay  the  other  tri- 
angle, as  B,  against  one  of  the  two  edges,  holding  it  fast 
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with  the  left  hand;  then  move  the  triangle  A  along  the 
edge  of  B.  The  edge  ad  will  be  parallel  to  the  line  cd; 
and  when  the  edge  a  b  reaches  the  point  g,  through  which  it 
is  desired    to  draw   the   parallel  line,   hold  both  triangles 


stationary  with  the  left  hand  and  draw  the  line  ef  by  pass- 
ing the  pencil  along  the  edge  a  i.  Should  the  triangle  ^4 
extend  too'  far  beyond  the  edge  of  the  triangle  B  after  a 
number  of  lines  have  been  drawn,  hold  A  stationary  with 
the  left  hand  and  shift  B  along  the  edge  of  A  with  the 
right  hand  and  then  proceed  as  before, 

5.  A  line  may  be  drawn  at  right  angles  to  another  line 
which  is  neither  vertical  nor  horizontal,  as  illustrated  in 
Fig.  1.  Letci/be  the  given  line  (shown  at  the  left-hand 
side).  Place  one  of  the  shorter  edges,  asai,  of  the  triangle  5 
so  that  it  will  coincide  with  the  line  ct/;  then,  keeping  the 
triangle  in  this  position,  place  the  triangle  A  so  that  its 
long  edge  will  come  against  the  long  edge  of  B.  Now, 
holding  A  securely  in  place  with  the  left  hand,  slide  £  along 
the  edge  of  A  with  the  right  hand,  when  the  lines  //  i,  run, 
etc.  may  be  drawn  perpendicular  to  c^/  along  the  edge  6/ 
of  the  triangle  B.  The  dotted  lines  show  the  position  of  the 
triangle  B  when  moved  along  the  edge  of  A. 

6.  The  right-hand  portion  of  Fig.  7  shows  another 
method  of  accomplishing  the  same  result,   and  illustrates 
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how  the  triangles  may  be  used  for  drawing  a  rectangular 
figure/ when  the  sides  of  the  figure  make  an  angle  with  the 
T  square  such  that  the  latter  cannot  be  used. 

Let  the  side  c  doi  the  figure  be  given.  Place  the  long  side 
of  the  triangle  B  so  as  to  coincide  with  the  line  c  d,  and 
bring  the  triangle  A  into  position  against  the  lower  side  of  By 
as  shown.  Now,  holding  the  triangle  A  in  place  with  the 
left  hand,  revolve -ff  so  that  its  other  short  edge,  will  rest 
against  the  long  edge  of  -^,  as  shown  in  the  dotted  position 
at  ^'.     The  parallel  lines  ce  and  ^Z/ may  now  be  drawn 
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through  the  points  c  and  d  by  sliding  the  triangle  B  on  the 
triangle  A,  as  described  in  connection  with  Fig.  6.  Meas- 
ure off  the  required  width  of  the  figure  on  the  line  ce^ 
reverse  the  triangle  B  again  to  its  original  position,  still 
holding  the  triangle  -^  in  a  fixed  position  with  the  left  hand, 
and  slide  B  upon  A  until  the  long  edge  of  i?  passes  through  e. 
Draw  the  line  ef  through  the  point  ^,  and  efvf'iW  be  par- 
allel to  c  d.  The  student  should  practice  with  his  triangles 
before  beginning  drawing. 

7,  The  compasses,  next  to  the  T  square  and  triangles, 
are  used  more  than  any  other  instrument.  A  pencil  and 
pen  point  are  provided,  as  shown  in  Fig.  8,  either  of  which 
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may  be  inserted  into  a  socket  in  one  leg  of  the  instrument, 
for  the  drawing  of  circles  in  pencil  or  ink.  The  other  leg 
is  fitted  with  a  needle  point,  which  acts  as  the  center  about 
which  the  circle  is  drawn.  In  all  good  instruments,  the 
needle  point  itself  is  a  separate  piece  of  round  steel  wire, 
held  in  place  in  a  socket  provided  at  the  end  of  the  leg. 
The  wire  should  have  a  square  shoulder  at  its  lower  end, 
below  which  a  fine,  needle-like  point  projects.  The  length- 
ening bar,  also  shown  in  the  figure,  is  used  to  extend  the 
leg  carrying  the  pen  and  pencil  points  when  circles  of  lai^e 
radii  are  to  be  drawn. 

The  joint  at  the  top  of  the  compasses  should  hold  the  legs 
firmly  in  any  position,  and  at  the  same  time  should  permit 
their  being  opened  or  closed 
with  one  hand.  The  joint  may 
be  tightened  or  loosened  by 
means  of  a  screwdriver  or 
wrench,  which  accompanies 
the  compasses. 

It  will  be  noticed  in  Fig.  8 
that  each  leg  of  the  compasses 
is  jointed ;  this  is  done  so  that 
the  compass  points  may  always 
be  kept  perpendicular  to  the 
paper  when  drawing  circles,  as 
in  Pig.  11. 

The  style  of  compasses  shown 
in  Fig.  8  have  what  is  called  a 
tongue  joint,  in  which  the  head 
of  one  leg  has  a  tongue,  gener- 
ally of  steel,  which  moves  be- 
tween two  lugs  on  the  other 
leg.  Another  common  style  of 
joint  is  the  pivot  joint,  in  which 
the  head  of  each  leg  is  shaped 
'''°'  *  like  a  disk  and  the  two  disks 

are  held  together  in  a  fork-shaped  brace  either  by  means  of 
two  pivot  screws  or  by  one  screw  penetrating  both  disks. 
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The  brace  that  forms  a  part  of  this  joint  is  generally  pro- 
vided with  a  handle,  as  the  shape  of  the  joint  makes  it  rather 


awkward  to  hold  the  compasses  by  the  head,  as  is  usual  with 
instruments  provided  with  tongue  joints.  In  Fig.  d  is 
shown  a  common  style  of  pivot  joint. 

8.  The  following  suggestions  for  handling  the  compasses 
should  be  carefully  observed  by  those  who  are  beginning  the 
subject  of  mechanical  drawing.  Any  draftsman  who  handles 
his  instruments  awkwardly  will  create  a  bad  impression,  no 
matter  how  good  a  workman  he  may  be.     The  tendency  of 


all  beginners  is  to  use  both  hands  for  operating  the  com- 
passes. This  is  to  be  avoided.  The  student  should  learn 
at  the  start  to  open  and  close  them  with  one  hand,  holding 
them  as  shown  in  Fig.  10,  with  the  needle-point  leg  resting 
between  the  thumb  and  fourth  finger,  and  the  other  leg 
between  the  middle  and  forefinger.     When  drawing  circles, 
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hold  the  compasses  lightly  at  the  top  between  the  thumb  and 
forefinger,  or  thumb,  forefinger,  and  middle  finger,  as  in 
Fig.  11.  Another  case  where  both  hands  should  not  be  used 
is  in  locating  the  needle  point  at  a  point  on  the  drawing  about 
which  the  circle  is  to  be  drawn,  unless  the  left  hand  is  used 
merely  to  steady  the  needle  point.  Hold  the  compasses  as 
shown  in  Fig.  10,  and  incline  them  until  the  under  side  of  the 
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hand  rests  upon  the  paper.  This  will  steady  the  hand  so  that 
the  needle  point  can  be  brought  to  exactly  the  right  place 
on  the  drawing.  Having  placed  the  needle  at  the  desired 
point,  and  with  it  still  resting  on  the  paper,  the  pen  or  pen- 
cil point  may  be  moved  out  or  in  to  any  desired  radius, 
as  indicated  in  Fig.  10.  When  the  lengthening  bar  is  used, 
both  hands  must  be  employed. 

9.     The  compasses  must  be  handled  in  such  a  manner  that 
the  needle  point  will  not  dig  large  holes  in  the  paper.     Keep 


§  13  GEOMETRICAL  DRAWING  ft 

the  needle  point  adjusted  so  that  it  will  be  perpendicular  to 
the  paper,  when  drawing  circles,  and  do  not  bear  upon  it. 
A  slight  pressure  will  be  necessary  on  the  pen  or  pencil 
point,  but  not  on  the  needle  point, 

10,  The  dlvlclers,  shown  in  Figs.  9  and  12,  are  used 
for  laying  off  distances  upon  a  drawing,  or  for  dividing 
straight  lines  or  circles  into  parts.  The  points  of  the 
dividers  should  be  very  sharp,  so  that  they  will  not  punch 
holes  in  the  paper  larger  than  is  absolutely  necessary  to  be 
seen.  Compasses  are  sometimes  furnished  with  two  steel 
divider  points,  besides  the  pen  and  pencil  points,  so  that  the 
instrument  may  be  used  either  as  compasses  or  dividers. 
This   is  the   kind  illustrated  in   Fig.  12.     When  using  the 
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dividers  to  space  a  line  or  circle  into  a  number  of  equal  parts, 
hold  them  at  the  top  between  the  thumb  and  forefinger,  as 
when  using  the  compasses,  and  step  off  the  spaces,  turning 
the  instrument  alternately  to  the  right  and  left.  If  the  line 
or  circle  does  not  space  exactly,  vary  the  distance  between 
the  divider  points  and  try  again;  so  continue  until  it  is 
spaced  equally.  When  spacing  in  this  manner,  great  care 
must  be  exercised  not  to  press  the  divider  points  into  the 
paper;  for,  if  the  points  enter  the  paper,  the  spacing  can 
never  be  accurately  done.  The  student  should  satisfy  him- 
self of  the  truth  of  this  statement  by  actual  trial. 

11.  The  bcw-pencll  and  bow-pen,  shown  in  Fig.  13, 
are  convenient  for  describing  small  circles.  The  two  points 
of  the  instruments  must  be  adjusted  to  the  same  length; 
otherwise,  very  small  circles  cannot  be  drawn.  To  open  or 
close  either  of  these  instruments,  support  it  in  a  vertical 
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position  by  resting  the  needle  point  on  the  paper  and  bear- 
ing slightly  on  the  top  of  it  with  the  forefinger  of  one  hand, 

and  turn  the  adjusting  nut 
with  the  thumb  and  middle 
finger  of  the  same  hand. 

12,  Drawing  Paper 
and  Pencils. — The  draw- 
ing paper  recommended  for 
this  series  of  lessons  is  T.  S. 
Co.  *s  cold-pressed  demy,  the 
size  of  which  is  15"  X  20". 
It  takes  ink  well  and  with- 
stands considerable  erasing. 
The  paper  is  secured  to  the 
drawing  board  by  means 
of  thumbtacks.  Four  are 
usually   sufficient  —  one    at 

each  corner  of  the  sheet  (see  Fig.  7).    Place  a  piece  of  paper 

on  the  drawing  board,  and  press  a  thumbtack  through  one 

of  the  corners  about  ^  or  f  of  an  inch 

from  each  edge.     Place  the  T  square  in 

position  for  drawing  a  horizontal  line, 

as  before  explained,  and  straighten  the 

paper  so  that   its  upper  edge  will   be 

parallel   to   the  edge   of   the  T-square 

blade.  Pull  the  corner  diagonally  op- 
posite   that    in   which   the  thumbtack 

was  placed,  so  as  to  stretch  the  paper 

slightly,  and  push  in  another  thumb- 
tack.    Do  the  same  with  the  remaining 

two  corners.    For  drawing  in  pencil,  an 

HHHH  pencil  of  any  reputable  make 

should  be  used      The  pencil  should  be 

sharpened  as  shown  at  A,  Fig.  14.     Cut 

the  wood  away  so  as  to  leave  about  ^  or 

f  of  an  inch  of  the  lead  projecting;  then 

sharpen  it  flat  by  rubbing  it  against  a  fine  file  or  a  piece  of 
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fine  emery  cloth  or  sandpaper  that  has  been  fastened  to  a 
flat  stick.  Grind  it  to  a  sharp  edge  hke  a  knife  blade,  and 
round  the  corners  very  slightly,  as  shown  in  the  figure.  If 
sharpened  to  a  round  point,  as  shown  at  B,  the  point  will 
wear  away  very  quickly  and  make  broad  lines;  when  so 
sharpened  it  is  difficult  to  draw  a  line  exactly  through  a 
point.  The  lead  for  the  compasses  should  be  sharpened  in 
the  same  manner  as  the  pencil,  but  should  have  its  width 
narrower.  Be  sure  that  the  compass  lead  is  so  secured  that 
when  circles  are  struck  in  either  direction,  but  one  line  zvill 
be  drawn  with  the  same  radius  and  center. 

13,  Inking. — For  drawing  ink  lines  other  than  arcs  of 
circles,  the  ralin^r  pen  (or  right-line  pen,  as  it  is  sometimes 
called)  is  used.  It  should  be  held  as  nearly  perpendicular 
to  the   board   as  possible,   with  the  hand   in   the  position 


shown  in  Figs.  15  and  16,  bearing  lightly  against  theTsquare 
or  triangle,  along  the  edge  of  which  the  line  is  drawn. 
After  a  little  practice,  this  position  will  become  natural,  aad 
no  difficulty  will  be  experienced. 
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14.  The  beginner  will  find  that  it  is  not  always  easy  to 
make  smooth  lines.  If  the  pen  is  held  so  that  only  one  blade 
bears  on  the  paper  when  drawing,  the  line  will  almost  inva- 
riably be  ragged  on  the  edge  where  the  blade  does  not  bear. 
When  held  at  right  angles  to  the  paper.as  in  Fig.  16,  how- 
ever, both  blades  will  rest  on  the  paper,  and  if  the  pen  is  in 
good  condition,  smooth  lines  will  result.  The  pen  must  not 
be  pressed  against  the  edge  of  the  T  square  or  triangle,  as 
the  blades  will  then  close  together,  making  the  line  uneven. 
The  edge  should  serve  as  a  guide  simply. 


In  drawing  circles  with  the  compass  pen,  the  same  care 
should  be  taken  to  keep  the  blades  perpendicular  to  the 
paper  by  means  of  the  adjustment  at  the  joint.  In  both 
the  ruling  pen  and  compass  pen,  the  width  of  the  lines  can 
be  altered  by  means  of  the  screw  which  holds  the  blades 
together.  The  handles  of  most  ruling  pens  can  be  unscrewed, 
and  are  provided  with  a  needle  point  intended  for  use  when 
copying  maps  by  pricking  through  the  original  and  the 
underlying  paper,  thus  locating  a  series  of  points  through 
which  the  outline  may  be  drawn. 
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15.  Drayv^lng  Ink. — The  ink  we  recommend  for  the 
work  in  this  Course  is  the  T,  S.  Co.*s  superior  waterproof 
liquid  India  ink.  A  quill  is  attached  to  the  cork  of  every 
bottle  of  this  ink,  by  means  of  which  the  pen  may  be  filled. 
Dip  the  quill  into  the  ink  and  then  pass  the  end  of  it 
between  the  blades  of  the  drawing  pen.  Do  not  put  too 
much  ink  in  the  pen,  not  more  than  enough  to  fill  it  for  a 
quarter  of  an  inch  along  the  blades,  otherwise  the  ink  is 
liable  to  drop.  Many  draftsmen  prefer  to  use  stick  India 
ink;  and  for  some  purposes  this  is  to  be  preferred  to  the 
prepared  liquid  ink  recommended  above.  In  case  the  stick 
ink  is  bought,  put  enough  water  in  a  shallow  dish  (a  com- 
mon individual  butter  plate  will  do)  to  make  enough  ink  for 
the  drawing,  then  place  one  end  of  the  stick  in  the  water, 
and  grind  by  giving  the  stick  a  circular  motion.  Do  not 
bear  hard  upon  the  stick.  Test  the  ink  occasionally  to  see 
if  it  is  black.  Draw  a  fine  line  with  the  pen  and  hold  the 
paper  in  a  strong  light.  If  it  shows  brown  (or  gray),  grind 
a  while  longer,  and  test  again.  Keep  grinding  until  a  fine 
line  shows  blacky  which  will  usually  take  from  fifteen  min- 
utes to  half  an  hour,  depending  on  the  quantity  of  water 
used.  The  ink  should  always  be  kept  well  covered  with  a 
flat  plate  of  some  kind,  to  keep  out  the  dust  and  prevent 
evaporation.  The  drawing  pen  may  be  filled  by  dipping  an 
ordinary  writing  pen  into  the  ink  and  drawing  it  through 
the  blades,  as  previously  described  when  using  the  quill.  If 
liquid  ink  is  used,  all  the  lines  on  all  the  drawings  will  be  of 
the  same  color,  and  no  time  will  be  lost  in  grinding.  If 
stick  ink  is  used,  it  is  poor  economy  to  buy  a  cheap  stick. 
A  small  stick  of  the  best  quality,  costing,  say,  a  dollar,  will 
last  as  long,  perhaps,  as  five  dollars*  worth  of  liquid  ink. 
The  only  reason  for  using  liquid  ink  is  that  all  lines  are  then 
sure  to  be  of  equal  blackness  and  time  is  saved  in  grinding. 

India  ink  will  dry  quickly  on  the  drawing,  which  is  desir- 
able, but  it  also  causes  trouble  by  drying  between  the  blades 
and  refusing  to  flow,  especially  when  drawing  fine  lines. 
The  only  remedy  is  to  zvipe  out  the  pen  frequently  with  a  cloth. 
Do  not  lay  the  pen  down  for  any  great  length  of  time  when 
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it  contains  ink;  wipe  it  out  first.  The  ink  may  sometimes  be 
started  by  moistening  the  end  of  the  finger  and  touching  it 
to  the  point,  or  by  drawing  a  slip  of  paper  between  the  ends 
of  the  blade.     Always  keep  the  bottle  corked, 

16.  To  Sharpen  the  Dra^ving  Pen. — When  the  ruling, 
or  compass,  pen  becomes  badly  worn,  it  must  be  sharp- 
ened. For  this  purpose  a  fine  oilstone  should  be  used.  If 
an  oilstone  is  to  be  purchased,*  a  small,  flat,  close-grained 
stone  should  be  obtained,  those  having  a  triangular  section 
being  preferable,  as  the  narrow  edge  can  be  used  on  the 
inside  of  the  blades  in  case  the  latter  are  not  made  to  swing 
apart  so  as  to  permit  the  use  of  a  thicker  edge. 

The  first  step  in  sharpening  is  to  screw  the  blades  together, 
and,  holding  the  pen  perpendicular  to  the  oilstone,  to  draw 
it  back  and  forth  over  the  stone,  changing  the  slope  of  the 
pen  from  downwards  and  to  the  right  to  downwards  and  to 
the  left  for  each  movement  of  the  pen  to  the  right  and  left. 
The  object  of  this  is  to  bring  the  blades  to  exactly  the 
same  length  and  shape,  and  to  round  them  nicely  at  the 
point. 

This  process,  of  course,  makes  the  edges  even  duller  than 
before.  To  sharpen,  separate  the  points  by  means  of  the 
screw,  and  rub  one  of  the  blades  to  and  from  the  operator 
in  a  straight  line,  giving  the  pen  a  slight  twisting  motion 
at  the  same  time,  and  holding  it  at  an  angle  of  about  15°  with 
the  face  of  the  stone.  Repeat  the  process  for  the  other 
blade.  To  be  in  good  condition,  the  edges  should  be  fairly 
sharp  and  smooth,  but  not  sharp  enough  to  cut  the  paper. 
All  the  sharpening  viust  be  done  on  the  outside  of  the  blades. 
The  inside  of  the  blades  should  be  rubbed  on  the  stone  only 
enough  to  remove  any  burr  that  may  have  been  formed. 
Anything  more  than  this  will  be  likely  to  injure  the  pen. 
The  whole  operation  must  be  done  very  carefully,  bearing 
on  lightly,  as  it  is  easy  to  spoil  a  pen  in  the  process 
Examine  the  points  frequently,  and  keep  at  work  until  the 
pen  will  draw  both  fine  lines  and  smooth  heavy  lines.  Many 
draftsmen  prefer  to  send  the  pens  to  be  sharpened  to  the 
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dealer  who  sold  them,  and  who  is  generally  willing  to  do 
such  sharpening  at  a  trifling  cost. 

17.  Irregular  Curves. — Curves  other  than  arcs  of  cir- 
cles are  drawn  with  the  pencil  or  ruling  pen  by  means  of 
curved  or  irregular-shaped  rulers,  called  Irregular  curves 
(see  Fig.  17).  A  series  of  points  is  first  determined  through 
which  the  curved  line  is  to  pass.  The  line  is  then  drawn 
through  these  points  by  using  such  parts 
of  the  irregular  curve  as  will  pass  through 
several  of  the  points  at  once,  the  curve  be- 
ing shifted  from  time  to  time  as  required. 

It  is  usually  difficult  to  draw  a  smooth, 
continuous  curve.  The  tendency  is  to  I 
make  it  curve  out  too  much  between  the  I 
points,  thus  giving  it  a  wavy  appearance, 
or  else  to  cause  it  to  change  its  direction 
abruptly  where  the  different  lines  join,  1 
making  angles  at  these  points.  These  1 
defects  may  largely  be  avoided  by  always 
fitting  the  curve  to  at  least  three  points, 
and,  when  moving  it  to  a  new  position, 
by  setting  it  so  that  it  will  coincide  with 
part  of  the  line  already  drawn.  It  will  be 
found  to  be  a  great  help  if  the  line  be 
first  sketched  in  freehand,  in  pencil.  It 
can  then  be  penciled  over  neatly,  or  inked, 
without  much  difficulty,  with  the  aid  of  the  irregular  curve, 
since  the  original  pencil  line  will  show  the  general  direction 
in  which  the  curve  should  be  drawn.  Whenever  the  given 
points  are  far  apart,  or  fall  in  such  positions  that  the  irreg- 
ular curve  cannot  always  be  made  to  pass  through  three  of 
them,  the  line  must  invariably  be  sketched  in  at  first. 

As  an  example,  let  it  be  required  to  draw  a  curved  line 
through  the  points  a,  b,  c,  d,  etc.,  Fig.  18.  As  just  stated,  a 
part  of  the  irregular  curve  must  be  used  which  will  pass 
through  at  least  three  points.  With  the  curve  set  in  the  first 
position  A,  its  edge  is  found  to  coincide  with  four  points 
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a^  by  Cy  and  d.  The  line  may  then  be  drawn  from  a  around  to 
//,  or,  better,  to  a  point  between  c  and  t/,  since,  by  not  con- 
tinuing it  quite  to  rf,  there  is  less  liability  of  there  being  an 
angle  where  the  next  section  joins  on.  For  the  next  section 
of  the  line,  the  curve  should  be  adjusted  so  as  to  coincide 
with  a  part  of  the  section  already  drawn;  that  is,  instead  of 
adjusting  it  to  points  d^  c^f^  etc.,  it  should  be  placed  so  as  to 


Fig.  18 

pass  through  the  point  r,  the  part  from  c  to //being  coincident 
with  the  corresponding  part  of  the  first  line  drawn.  The 
irregular  curve  is  shown  dotted  in  this  position  at  B,  Its  edge 
passes  through  four  points  c,  d,  c,  and/,  and  the  line  should 
be  made  to  stop  midway  between  the  last  two,  as  before. 
Now,  it  will  be  noticed  that  the  points  /  and  ^  are  so  situ- 
ated that  the  remainder  of  the  line  must  curve  up,  instead  of 
down,  as  heretofore,  the  change  in  curvature  occurring  at  a 
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point  between  e  and  /.  In  this  case,  therefore,  it  is  not 
necessary  for  the  curve  to  extend  back  to  e,  through  which 
point  the  line  has  already  been  drawn,  but  it  may  be  placed 
in  position  C  with  its  edge  just  tangent  to  the  line  at  the  point 
where  the  curvature  changes. 

It  is  to  be  noticed  that  in  inking  with  the  irregular  curve, 
the  blades  of  the  pen  must  be  kept  tangent  to  its  edge  (i.  e., 
the  inside  fiat  surface  of  the  blades  must  have  the  same 
direction  as  the  curve  at  the  point  where  the  pen  touches  the 
paper),  which  requires  that  the  direction  of  the  pen  be  con- 
tinually changed. 

18.  The  scale  is  used  for  obtaining  measurements  for 
drawings.  The  most  convenient  forms  are  the  usual  flat  and 
triangular  boxwood  scales,  having  beveled  edges,  each  of 
which  is  graduated  for  a  distance  of  VI  inches.  The  beveled 
edges  serve  to  bring  the  lines  of  division  close  to  the  paper 
when  the  scale  is  lying  flat,  so  that  the  drawing  may  be 
accurately  measured,  or  distances  laid  off  correctly.  The 
use  of  the  graduations  on  scales  will  be  explained  when  it  is 
necessary  to  use  the  scale, 

19.  A   protractor  is   shown   in   Fig.    19.      The   outer 
■ge  is  a  semicircle,  with  center  at  O,  and  is  divided  into 


360  parts.     Each  division  is  one-half  of  one  degree,  and,  f<ir 
convenience,  the  degrees  are  numbered  from  0°  to  180°  from 
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both  A  and  B.  The  protractor  is  used  for  laying  off  or 
measuring  angles.  Protractors  are  often  made  of  metal, 
in  which  case  the  central  part  is  cut  away  to  make  the 
drawing  under  it  visible.  When  using  the  protractor,  it 
must  be  placed  so  that  the  line  OB,  Fig.  19,  will  coin- 
cide with  the  line  forming  one  side  of  the  angle  to  be  laid 
off  or  measured,  and  the  center  O  must  be  at  the  vertex  of 
the  angle. 


For  example,  let  it  be  required  to  draw  a  line  through 
the  point  C,  making  an  angle  of  64°  with  the  line  £F, 
Fig.  20,  Place  the  protractor  upon  the  line  £F,  as  just 
described,  with  the  center  O  upon  the  point  C.  With  a 
sharp-pointed  pencil,  make  a  mark  on  the  paper  at  the 
54°  division,  as  indicated  at  Z>.  A  line  drawn  through  C 
and  D  will  then  make  an  angle  of  54°  with  £  F.  Greater 
exactness  will  be  secured  if  the  line  E  F  ht  extended  to 
the  left,  so  that  both  zero  marks  {A  and  B,  Fig.  19)  can 
be  placed  on  the  line.  This  should  always  be  done  when 
possible. 


IBTTERING 

20.  In  mechanical  drawing,  all  headings,  explanatory 
matter,  and  dimensions  should  he  neatly  printed  on  the 
drawing.     Ordinary  script  writing  is  not  permissible. 
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• 

It  is  usually  difficult  for  beginners  to  lette/  well,  and 
unless  the  student  is  skilful  at  it,  he  should  devote  some 
time  to  practicing  lettering  before  commencing  the  drawing. 
In  correcting  the  plates,  the  lettering  will  be  considered  as 
well  as  the  drawing.  Many  students  think  that  it  is  only 
necessary  to  exercise  special  care  when  drawing  the  views 
on  a  plate,  and  that  it  is  not  necessary  to  take  particular 
pains  in  lettering.  This,  however,  is  not  the  case,  for,  no 
matter  how  well  the  views  may  be  drawn,  if  the  lettering  is 
poorly  done,  the  finished  drawing  will  not  have  a  neat  appear- 
ance. In  fact,  generally  speaking,  more  time  is  required  to 
make  well-executed  letters  than  to  make  well-executed  draw- 
ings of  objects.  We  earnestly  request  the  student  to  prac- 
tice lettering,  and  not  to  think  that  that  part  of  the  work  is 
of  no  importance.  The  student  should  not  be  too  hasty  in 
doing  the  lettering.  It  takes  an  experienced  draftsman  con- 
siderable time  to  do  good  lettering,  and  no  draftsman  can 
perform  this  work  as  quickly  as  he  can  ordinary  writing; 
therefore,  no  beginner  should  attempt  to  do  what  experi- 
enced draftsmen  cannot  do.  In  order  to  letter  well,  the 
work  must  be  done  slowly.  Very  frequently  more  time 
is  spent  in  lettering  a  drawing  than  in  inking  in  the 
objects  represented.  Instructions  will  be  given  in  two 
styles  of  freehand  lettering,  both  extensively  used  in  Ameri- 
can drafting  rooms. 

With  the  exception  of  the  large  headings  or  titles  of  the 
plates,  the  style  and  size  of  all  lettering  used  on  the  original 
drawing  plates  of  this  Course  are  shown  in  Fig.  21.     This 

ABCDEFGJ^IJJiLMNOPQRSTirVWXYZ 
abcde/g^hiJJclTnnopqr  stuviosc  z/z  & 
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style,  although  a  little  more  elaborate  and  difficult  in  execu- 
tion, was  selected  on  account  c)f  its  greater  neatness  and 
legibleness.  The  two  styles  are  very  similar  in  the  forma- 
tion of  the  letters,  and  although  the  student  is  advised  to 
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select  and  use  only  one  of  the  two  on  his  drawings  in  this 
Course,  he  will  find,  after  having  mastered  one  of  the  styles, 
little  difficulty  in  practicing  the  other. 

When  lettering,  a  Gillott's  No.  303  pen  should  be  used. 
The  height  of  the  capital  letters  should  be  -^"j  and  of 
the  small  letters  two-thirds  of  this,  or  ^".  This- applies 
to  both  styles  of  freehand  lettering.  Do  not  make  them 
larger  than  this. 

31.    Before  beginning  to  letter,   horizontal  guide  lines 

should  be  drawn  with  the  T  square,  to  serve  as  a  guide  for 

the  tops  and  bottoms  of  the  letters  (see  Fig.  22).     The  out- 

,,,...^. -.— .,    ^-, ,     side  lines  should  be  ^"  apart 

^°*  *  lower  lines  3^"  apart  for  the 

small  letters.  The  letters  should  be  made  to  extend  fully 
up  to  the  top,  and  down  to  the  bottom,  guide  lines.  They 
must  not  fall  short  of  the  guide  lines,  nor  extend  beyond 
them.  Failure  to  observe  this  point  will  cause  the  lettering 
to  look  ragged,  as  in  the  second  word  in  Fig.  22. 

28.  It  is  very  important  that  all  the  letters  have  the 
same  inclination.  For  example,  by  referring  to  Fig.  23  (a), 
it  will  be  seen  that  the  backs  of 


(.AU^ 


Wm^ 


letters  like  5,  E,  /,  g^  d^  1,  /,  etc. 
are  parallel  and    slant   the   same  fig.  28  (a) 

way.     This  is  also  true  of  both  sides  of  letters  like  H^  M^ 
n^  «,  A,  J/,  etc.    To  aid  in  keeping  the  slant  uniform,  draw 

parallel  slanting  lines 
across  the  guide  lines 
with  the  60°  triangle, 
as  in  Fig.  23  (*),  and, 
in  lettering,  make  the 
backs  or  sides  of  the 
letters  parallel  with 
these  lines. 

as.  A  few  points 
regarding  the  construction  of  the  letters  are  illustrated  in 
Fig.  24,  in  which  the  letters  are  shown  upon  an  enlarged 
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scale.  The  capital  letters  A,  V^  Y^  J/,  and  W  must  be 
printed  so  that  their  general  inclination  will  be  the  same 
as  for  the  other  letters.  To  print  the  A,  draw  the  center 
line  ad^  having  the  common  slant;  from  a  draw  the  sides  ac 
and  a  6,  so  that  points  c  and  d  will  each  be  -^^"  distant  from 
point  d.  The  side  ad  will  be  nearly  perpendicular  to  the 
guide  lines.  The  V  is  like  an  inverted  A^  and  is  drawn  in 
the  same  way,  the  line  d  d  being  nearly  perpendicular. 

To  make  the  F,  draw  the  center  line  a  d^  having  the  com- 
mon slant,  which  gives  the  slant  for  the  base  of  the  letter. 
The  upper  part  of  the  Y  begins  a  little  below  its  center,  and 
is  similar  to  the  F,  though  somewhat  narrower,  as  the  letter 
should  be  only  -^*  wide  at  the  top.  Points  b  and  c  should 
be  at  equal  distances  from  point  a. 

The  two  sides  be  and  efoi  the  M  are  parallel,  and  have 
the  common  slant.  The  M  is  made  as  broad  as  it  is  high, 
or  ■^".      Having  drawn 

the  two  sides,  mark  the  ^'^y^'Mf'~p^-p;A^frfyf^^ 
point  d,  midway  between  /i^/--y^^'--^^ 

the  points  c  and  /,  and  ^htiAii:  Tznyu    j^J^Ie^:. 
connect  it  with  points  b  y 

and^.     The  lines  *t/ and     ^^^^^^^99    rr^rdp    ^^ 

ed   should     be    slightly  ^    „^ 

**       ^  Pro.  94 

curved,  as  shown. 

In  the  W  the  two  outside  lines  are  not  parallel,  as  in  the 
.  My  but  are  farther  apart  at  the  top  than  at  the  bottom. 
Draw  the  line  a  d^  having  the  common  slant.  Mark  points  b 
and  r,  which  are  exactly  ^'  from  the  point  a.  From  b  and  r, 
draw  lines  ^^and  cd.  The  other  half  of  the  W\%  like  the 
first  part,  cf  being  parallel  to  bd  and  ef  parallel  to  c  d.  It 
will  be  seen  that  the  W  is  composed  of  two  narrow  V*s,  each 
1^"  wide,  the  width  of  the  whole  letter  being  \", 

24,  Capital  letters  like  P,  R,  B,  Z,  E,  etc.  should  be 
printed  so  that  their  top  and  bottom  lines  will  be  exactly 
harizontaL  This  is  illustrated  in  the  two  examples  of  the 
word  problem  in  Fig.  24.  In  the  first  example,  it  will  be 
noticed  that  the  tops  of  the  P  and  /?,  the  bottom  of  the  Z, 
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and  the  tops  and  bottoms  of  the  B  and  Zf,  all  run  in  the  same 
direction  as  the  guide  lines,  and  coincide  with  them.  In  the 
second  example,  these  lines  are  not  horizontal,  which  makes 
the  word  look  very  uneven.  It  is  also  to  be  noticed  that 
these  lines  extend  beyond  the  upright  lines  in  the  first 
word,  and  that  cross-lines  are  used  on  the  bottom  of  the 
P  and  /?,  on  the  top  of  the  Z,  and  on  the  M.  In  the 
second  word,  these  lines  are  omitted  at  the  points  indicated 
by  the  arrows.  These  features  are  found  on  most  of  the 
other  capitals. 

The  small  letters  ;/,  //,  //,  /,  /,  etc.  should  have  sharp  cor- 
ners at  the  points  indicated  by  the  arrows  in  Fig.  24.  They 
look  much  better  that  way,  and  are  less  difficult  to  make, 
than  when  they  have  round  corners.  Following  these  letters 
are  five  groups  of  letters  containing  n^  it,  /,  g,  and  r.  The 
first  letter  of  each  group  is  printed  correctly,  while  the  letters 
following  show  ways  in  which  they  should  not  be  printed. 
In  the  case  of  the^,  point  2  should  fall  in  a  slanting  direction 
under  point  i,  the  slant  being  the  same  as  a  d  oi  the  pre- 
ceding letters.  The  difference  between  d  and  b  and  the  con- 
struction of  the  s  are  also  shown  in  the  same  figure.  The  b 
should  be  made  rounding  at  the  point  indicated.  As  a 
guide  in  making  the  s,  draw  the  two  lines  ab  and  c  d, 
having  the  common  slant.  The  s  should  now  be  drawn 
so  that  it  will  touch  these  lines  at  points  i,  3^  and  4,  but 
fiot  at  point  2.  It  will  be  an  additional  help  if  the  line  ex 
is  also  drawn  as  a  guide  for  the  middle  portion  of  the  s\ 
but  care  should  be  taken  not  to  have  it  slant  more  than 
shown  in  the  copy. 

The  letters  a,  o^  b,  g^  etc.  should  be  full  and  round ;  do  not 
cramp  them.  It  will  be  necessary  to  follow  the  copy  closely 
until  familiar  with  it.  Notice  that  the  figures  are  not  made 
as  in  writing,  particularly  the  6*,  4,  8^  and  9  (see  Fig.  21). 
Try  to  space  the  letters  evenly.  Letter  in  pencil  first,  and, 
if  not  right,  erase  and  try  again. 

26.  Another  style  of  freehand  lettering  is  shown  in 
Fig.  25.     This  style  is  extensively  used  for  the  lettering  of 
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working  drawings.     It  is  more  easily  and  rapidly  made  than 
the  style  previously  described,  and  although  not  productive 

ABCDEFGH/JKL  MNOPQRSTUi/WXYZ 
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of  as  high  degree  of  neatness  in  appearance  will  be  found 
very  useful  and  acceptable  for  general  office  work. 

A  comparison  between  the  two  systems  will  disclose  a  great 
similarity  in  the  detail  formation  of  the  letters. 

!86,     The  horizontal  and  slanting  guide  lines  are  drawn 
exactly  in  the  same  man- 
ner  as  tor  the  style  previ- 
ously  described,    and    if 

not  followed,  the  results  will  be  similar.     See  the  uneven 
appearance  of  the  second  word  in  Fig.  2G. 

37,     By  studying  the  formation  of  the  letters  carefully, 
it  will  be  found  that  many  of  them  are  formed  on  the  same 
/       y       jr7  /^  principle,  as  shown  in  Fig.  27. 

a  P  a^  t^O  r^^^  Q^^lg  q£  ^i^^  letters  a,  b,  d, 

^     ^  gy  Pt  and  q  are  formed  exactly  alike 

/^^  and  have   a   slant   of  45°  with   the 

/^  /7  /77  /7  ./     /      horizontal.     These  ovals  should  be 

»A/  \y   \y  made  a  little  wider  at  the  top  than 

/   ^  at    the    bottom.       Care    should    be 

/y/  //  taken  that  the  straight   downward 

strokes   are    made    parallel    to   the 

Fig.  '^7  * 

slanting  guide  lines.  The  letters  c 
and  e  are  commenced  in  the  same  way,  but  the  upper  loop 
in  e  should  be  formed  in  such  a  manner  that  its  axis  will  be 
at  an  angle  of  45°  with  the  horizontal.  The  r  is  made  by 
having  the  down  stroke  parallel  to  the  slanting  guide  line 
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and  the  up  stroke  slightly  curved  in  the  same  way  as  in  the 
letter  «  (see  Fig.  27).  The  strokes  in  the  letters/ and  / 
are  the  same,  with  the  position  of  the  hook  part  reversed. 

28.  The  capital  letters  shown  in  Fig.  28  are  formed  very 
nearly  in  the  same  manner  as  those  shown  in  Art.  23,  but 
differ  slightly  by  omitting  the  short  spurs  that  give  to  the 
letters  a  more  finished  appearance. 

In  the  capital  J/,  however,  there  is  a  decided  variation. 
The  M  is  made  with  four  strokes,  putting  in  the  parallel 
sides   first.     The   two   other   strokes   should   join    midway 

A  y  M  w 

V  'PROBLEM 


FlC.  28 


between  these  sides  and  at  a  distance  from  the  top  of 
about  \  of  the  height  of  the  letter.  These  strokes,  as  will  be 
seen,  are  straight  and  not  curved. 

29.  The  7tU7nerals  should  be  ^"  high  and  of  the  style 
shown  in  Fig.  25;  fractions  should  be  |"  high  over  all.     In 

/234567390 

Fig.  29 

Fig.  29  the  numerals  are  illustrated  to  a  larger  scale,  and  a 
comparison  with  the  style  shown  in  Fig.  21  will  disclose 
several  variations. 

The  loops  of  the  ^,  S,  5,  6,  and  9  should  be  formed  so  that 
their  axes  will  beat  an  angle  of  45°  with  the  horizontal.  It 
will  be  noted  that  the  7  differs  widely  from  the  style  shown 
in  Fig.  21,  the  down  stroke  not  curving  but  liaving  a  straight 
slant  of  45°.  The  axis  of  the  0  and  the  loops  of  the  8  should 
slant  at  an  angle  of  60°. 
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Diligent  practice  for  a  short  time  and  careful  observation 
of  the  forms  of  letters  and  numerals,  as  shown  in  Figs.  21-29, 
will  soon  enable  the  student  to  acquire  skill  and  speed  in 
this  branch  of  drawing. 

30,  The  alphabet  shown  in  Fig.  30,  called  the  block 
letter,  is  to  be  used  for  the  large  headings  or  titles  of  plates, 
as  shown  on  the  copy  plates.  This  alphabet  is  ;/^/  to  be 
used  on  the  first  five  geometrical  drawing  plates.  The  let- 
ters and  figures  are  to  be  made  -fj"  high  and  ^"  wide, 
except  M,  which  is  y^"  wide,  and  W^  which  is  f "  wide. 
The  thickness  of  all  the  lines  forming  the  letters  is  •^", 
measured  horizontally.  The  distance  between  any  two 
letters  of  a  word  is  ^'\  except  where  A  follows  P  or  F  \ 

ABCDEFGHIJ 
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where  V,  W^  or  F  follows  Z;  where  y  follows  F,  P^  7*,  F,  W^ 
or  Y\  where  T  and  A  are  adjacent,  or  A  and  F,  W^  or  Y 
are  adjacent ;  in  this  case,  the  bottom  extremity  of  A  and 
the  top  extremity  of  «/^,  1\  K,  W  are  in  the  same  vertical 
line,  etc. 

Since  these  letters  are  composed  of  straight  lines,  they 
can  be  made  with  the  T  square  and  triangle.  In  lettering 
the  title  of  the  drawing  plates,  the  student  should  draw 
six  horizontal  lines  ^V"  apart  in  lead  pencil,  to  represent  the 
thickness  of  the  letters  at  the  top,  center,  and  bottom; 
then,  by  use  of  the  triangle,  he  should  draw  in  the  width  of 
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the  letters  and  the  spaces  between  them  in  lead  pencil. 
Having  the  letters  all  laid  out,  he  can  very  easily  ink  them 
in.  Use  the  ruling  pen  for  inking  in  the  straight  outlines 
of  the  letters,  and  the  lettering  pen  for  rounding  the  corners 
and  filling  in  between  the  outlines.  It  is  well  to  ink  in  all 
the  perpendicular  lines  first,  next  the  horizontal  lines,  and 
then  the  oblique  lines. 


PliATES 

31,  Preliminary  Directions. — The  size  of  each  plate 
over  all  will  be  14"  X  18",  having  a  border  line  i"  from  each 
edge  all  around,  thus  making  the  size  of  the  space  on  which 
the  drawing  is  to  be  made  13"  X  1*/".  The  sheet  itself  must 
be  larger  than  this  when  first  placed  upon  the  board,  so  that 
the  thumbtack  holes  may-  be  cut  oiit ;  the  extra  margin  is 
also  very  convenient  for  testing  the  pen,  in  order  to  see 
whether  the  ink  is  flowing  well  and  whether  the  lines  are  of 
the  proper  thickness. 

38.  The  first  five  plates  will  consist  of  practical  geo- 
metrical problems  which  constantly  arise  in  practice  when 
making  drawings.  The  method  of  solving  every  one  of 
these  problems  should  be  carefully  memorized,  so  that  they 
can  be  instantly  applied  when  the  occasion  requires,  without 
being  obliged  to  refer  to  the  text  for  help.  Particular 
attention  should  be  paid  to  the  lettering.  Whenever  any 
dimensions  are  specified,  they  should  be  laid  off  as  accu- 
rately as  possible.  All  drawings  should  be  made  as  neat  as 
possible,  and  the  penciling  entirely  finished  before  inking  in 
any  part  of  it.  Great  care  should  be  taken  in  distributing 
the  different  views,  parts,  details,  etc.  on  the  drawing,  so 
that  when  the  drawing  is  completed,  one  view  will  not  be 
so  near  to  another  as  to  mar  the  appearance  of  the  drawing. 
The  hands  should  be  perfectly  clean,  and  should  not  touch 
the  paper  except  when  necessary.  No  lines  should  be 
erased  except  when  absolutely  necessary;  for,  whenever  a 
line  has  once  been  erased,  the  dirt  flying  around  in  the  air 
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and  constantly  falling  on  the  drawing  will  stick  to  any  spot 
where  an  erasure  has  been  made,  and  it  is  then  very  difficult, 
if  not  impossible,  to  entirely  remove  it.  For  this  reason,  all 
construction  lines  that  are  to  be  removed,  or  that  are  liable 
to  be  changed,  should  be  drawn  lightly,  that  the  finish  of 
the  paper  may  not  be  destroyed  when  erasing  them.  When 
it  is  found  necessary  to  erase  an  ink  blot  or  a  line  that  has 
been  inked  in,  only  an  uik  eraser  or  sand  rubber  should  be 
used.  After  the  erasure  has  been  made,  the  roughened 
part  of  the  surface  of  the  paper  can  be  smoothed  by 
rubbing  with  some  hard,  smooth  substance,  as  a  piece  of 
ivory  or  the  handle  of  a  knife. 


PliATB  I 


33.  Take  a  sheet  of  drawing  paper  15"  wide  and  20"  long 
(demy  size),  and  fasten  it  to  the  board  as  previously 
described.  On  this  draw  the  outlines  of  the  size  of  the 
plate,  14"  X  18",  and  draw  the  border  line  all  around  ^"  from 
the  edge  of  the  outline,  leaving  the  space  inside  for  the 
drawing  13"  X  17".  When  the  word  drazving  is  used  here- 
after, it  refers  only  to  the  space  inside  the  border  lines  and 
the  objects  drawn  upon  it.  To  understand,  clearly  what 
follows,  refer  to  Plate  I.  Divide  the  drawing  into  two  equal 
parts  by  means  of  a  faint  horizontal  line.  This  line  is  shown 
dotted  in  Plate  I,  above  referred  to.  Divide  each  of  these 
halves  into  three  equal  parts,  as  shown  by  the  dotted  lines; 
this  divides  the  drawing  -into  six  rectangular  spaces.  These 
division  lines  are  fiot  to  be  inked  in,  but  must  be  erased 
when  the  plate  is  completed.  On  the  first  five  plates,  space 
for  the  lettering  must  be  taken  into  account.  For  each  of 
the  six  equal  spaces,  the  lettering  will  take  up  one  or  two 
lines.  The  height  of  all  capital  letters  on  these  plates  will 
be  -A",  and  of  the  small  letters  |  of  this,  or  ^V"-  '^^^  ^'s- 
tance  between  any  two  lines  of  lettering  will  also  be  -^y". 
The  distance  between  the  tops  of  the  letters  on  the  first 
line  of  lettering  and  the  top  line  of  the  equal  divisions  of 
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the  drawing  is  to  be  i" ;  and  the  space  between  the  bottoms 
of  the  letters  and  the  topmost  point  of  the  figure  repre- 
sented on  the  drawing  within  one  of  these  six  divisions 
must  also  be  not  less  than  ^".  This  makes  a  very  neat 
arrangement,  if  the  figure  is  so  placed  that  the  outermost 
points  of  the  bounding  lines  are  equally  distant  from  the 
sides  of  one  of  the  equal  rectangular  spaces.  Consequently, 
if  there  is  one  line  of  lettering,  no  point  of  the  figure 
drawn  should  come  nearer  than  y  +  ^"  +  i"  =  l-A'  ^^ 
the  top  line  of  the  space  within  which  it  is  represented;  or, 
if  there  are  two  lines  of  lettering,  nearer  than  J"  -f  A" 
+  ^y"-f  ^"-f  y'=:  i^y".  The  letter  heading  for  each  figure 
on  the  first  five  plates  will  be  printed  in  heavy-faced  type 
at  the  beginning  of  the  directions  explaining  each  prob- 
lem. The  student  must  judge  for  himself  by  the  length 
of  the  heading  whether  it  will  take  up  one  line  or  two, 
and  make  due  allowance  for  the  space  it  takes  up.  This 
is  a  necessary  precaution,  because  the  lettering  should 
never  be  done  until  the  rest  of  the  drawing  is  entirely 
finished  and  inked  in. 

Problem  1. — To  bisect  a  straight  line. 

See  Fig.  31;  also  1  of  Plate  I. 

Construction.  —  Draw  a   straight  Ime  A  B,    3 J"   long. 
With  one  extremity  ^  as  a  center,  and  a  radius  greater  than 

one-half  of  the  length  of 
X^  the  line,  describe  an  arc 

of  a  circle  on  each  side  of 
the  given  line;  with  the 
other  extremity  ^  as  a 
-J  center,  and  the  same  ra- 
dius, describe  arcs  inter- 
secting the  first  two  in  the 
points  C  and  D.  Join  C 
and  D  by  the  line  C  D^ 
and  the  point  P,  where  it 
intersects  A  B,  will  be  the 


Pio.  81 


required  point ;  that  is,AP=  PB^  and  Pis  the  middle  point 
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of  A  B.  Since  C  D  \s  perpendicular  to  A  By  this  construc- 
tion also  gives  a  perpendicular  to  a  straight  line  at  its  middle 
point. 

Problem  2. — To  draw  a  perpendicular  to  a  stralgrlit 
line  firom  a  grlven  point  in  that  line. 

Note. — As  there  are  two  cases  of  this  problem,  requiring  two  figures 
on  the  plate,  the  line  of  letters  will  be  run  clear  across  both  figures,  as 
•shown  in  Plate  I. 

Case  I. —  When  the  point  is  at  or  near  the  center  of  the  line. 
See  Fig.  32 ;  also  2,  Case  I, 
of  Plate  I.  y^ 

Construction.  —  Draw 
A  B  3V'  long.  Let  P  be 
the  given  point.  With  P 
as  a  center,  and  any  radius, 
as  PD.  describe  two  short  , 
arcs  cutting  ^  ^  in  the 
points  C  and  D,  With  C 
and  D  as  centers,  and  any  convenient  radius  greater 
than  P D,  describe  two  arcs  intersecting  in  E,  Draw  PE^ 
and  it  will  be  perpendicular  to  ^  ^  at  the  point  P, 

Case  !!• — When  the  point  is  near  the  end  of  the  line.     See 

Fig.  33;  also  2,  Case  II, 
of  Plate  I. 

Draw  AB  3^'  long. 
Take  the  given  point  P 
about  f"  from  the  end 
of  the  line.  With  any 
point  6?  as  a  center,  and 
a  radius  O  Py  describe  an 
arc  cutting  A  B  va  P 
and  D.  Draw  D  O^  and 
prolong  it  until  it  in- 
tersects the  arc  in  the 
point  C.  A  line  drawn  through  C  and  P  will  be  perpen- 
dicular to  .^  i^  at  the  point  P, 
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Problem  3. — ^To  dra\v  a  perpendicular  to  a  stralgrlit 
line  from  a  i>olnt  Tvltliout  It. 

As  in  Problem  2,  there  are  two  cases. 

Case  !• — When  the  point  lies  nearly  over  the  center  of  the 
line.     See  Fig.  34;  also  3,  Case  I,  of  Plate  I. 

Construction. — Draw  A  B  3V  long.     Let  P  be  the  given 

point.  With  P  as  a  cen- 
ter, and  any  radius  P  D 
greater  than  the  distance 
from  P  to  A  B,  describe 
an  arc  cutting  A  B  in  C 
and  B,  With  C  and  D 
as  centers,  and  any  con- 
venient radius,  describe 
short  arcs  intersecting 
in  E,  A  line  drawn 
through  P  and  E  will  be 
perpendicular  to  A  Bat  F. 
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PlO.  84 

Case  II. —  When  the  point  lies  nearly  over  one  end  of  the 
line.     See  Fig.  35;  also  3,  Case  II,of  Plate  I. 

Draw  ^  ^  3i"  long,  and 
let  P  be  the  given  point. 
With  any  point  C  on  the 
line  A  B  2iS  2i  center,  and 

the  distance  C P  as  a  radi-       

us,  describe  an  arc  P ED 
cutting  ^i^  in  ^.  With£ 
as  a  center,  and  tlie  dis- 
tance EP  as  a  radius, 
describe  an  arc  cutting 
the  arc  PE  D  in  D.  The  line  joining  the  points  P  and  D 
will  be  perpendicular  to  A  B. 

Problem  4. — Through  a  flfiven  point,  todi-aw  a  stralgrht 
lino  parallel  to  a  gfiven  strai/orht  line. 

See  Fig.  3G;  also  4  of  Plate  I. 

Construction. — Let  P  be  the  given  point,  and  A  B  the 
given  straight  line  3^"  long.     With  P  as  a  center,  and  any 
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convenient  radius,  describe  an  arc  CD  intersecting  A  B 
in  D,  With  Z?  as  a  center,  and  the  same  radius,  describe 
the  arc  PE.  With  D  as  a  center,  and  a  radius  equal  to  the 
chord  of  the  arc  P  E,  describe  an  arc  intersecting  C  D\n  C, 
A    straight    line    drawn 

through  P  and  C  will  be       5^ ^ 

parallel  to  A  B. 

34,  These  four  prob- 
lems form  Plate  I.  They 
should  be  carefully  and  a- 
accurately  drawn  in  with 
lead-pencil  lines  and  then 
inked  in.  It  will  be  noticed  that  on  Plate  I,  and  Figs.  31 
to  36,  the  given  lines  are  /i^Af,  the  required  lines  heavy\ 
and  the  construction  lines,  which  in  a  practical  working 
drawing  would  be  left  out,  are  light  dotted.  This  system 
must  also  be  followed  in  the  four  plates  which  are  to  follow. 
A  single  glance  enables  one  to  see  at  once  the  reason  for 
drawing  the  figure,  and  the  eye  is  directed  immediately  to 
the  required  line. 

In  the  first  five  plates,  accuracy  and  neatness  are  the  main 
things  to  be  looked  out  for.  The  student  should  be  certain 
that  the  lines  are  of  precisely  the  length  that  is  specified  in 
the  description.  When  drawing  a  line  through  two  points, 
be  sure  that  the  line  goes  through  the  points;  if  it  does. not 
pass  exactly  through  the  points,  erase  it  and  draw  it  over 
again.  If  a  line  is  supposed  to  end  at  some  particular  point, 
make  it  end  there — do  not  let  it  extend  beyond  or  fall  short. 
Thus,  in  Fig.  36,  if  the  line  PC  does  not  pass  through  the 
points  P  and  C,  it  is  not  parallel  to  A  B.  By  paying  careful 
attention  to  these  points,  the  student  saves  himself  a  great 
deal  of  trouble  in  the  future.      Do  not  hurry  your  work. 

First  ink  in  all  of  the  light  lines  and  light  dotted  lines 
(which  have  the  same  thickness);  then  ink  in  the  heavy 
required  lines  after  the  pen  has  been  readjusted.  Now  do 
the  lettering  (first  read  carefully  the  paragraphs  under  the 
head  **  Lettering  "),  and  finally  draw  the  heavy  border  lines, 
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which  should  be  thicker  than  any  other  line  on  the  drawing. 
The  word  **  Plate  "  and  its  number  should  be  printed  at  the 
top  of  the  sheet,  outside  the  border  lines,  and  midway  of  its 
length,  as  shown.  The  student's  name,  followed  by  the 
words  **  Class"  and  **No.,"  and  after  this  his  Course  letter 
and  class  number  should  be  printed  in  the  lower  right-hand 
corner  below  the  border  line,  as  shown.  Thus,  John  Smith, 
Class  No.  C  4529.  The  date  on  which  the  drawing  was 
completed  should  be  placed  in  the  lower  left-hand  corner, 
below  the  border  line.  All  of  this  lettering  is  to  be  in  capi- 
tals -^"  high.  Erase  the  division  lines,  and  clean  the  draw- 
ing by  rubbing  very  gently  with  the  eraser.  Care  must  be 
exercised  when  doing  this,  or  the  inked  lines  will  also  be 
erased.  It  is  best  to  use  a  so-called  **  Sponge  Rubber  **  for 
this  purpose,  as  it  will  not  injure  the  inked  lines.  If  any 
part  of  a  line  has  been  erased  or  weakened^  it  must  be  redrawn. 
Then  write  with  the  lead  pencil  your  name  and  address  in 
full  on  the  back  of  your  drawing,  after  which  put  your 
drawing  in  the  empty  tube  which  was  sent  you,  and  send  it 
to  the  Schools. 


HINTS   FOR  PLATB    I 

35.  Do  not  forget  to  make  a  distinction  betiveen  the  width 
of  the  given  and  required  lines,  nor  forget  to  make  the  con- 
struction lines  dotted. 

When  drawing  dotted  lines,  take  pains  to  have  the  dots  and 
spaces  uniform  in  length.  Make  the  dots  about  ^"  long  and 
the  spaces  only  about  one-third  the  length  of  the  dots. 

Try  to  get  the  work  accurate.  The  constructions  must  be 
accurate,  and  all  Hues  or  figures  should  be  drawn  of  the  length 
or  size  previously  stated.  To  this  end,  work  carefully  and 
keep  the  pencil  leads  very  sharp,  so  that  the  lines  will  be  fine. 

The  lettering  on  the  first  fe^tf  plates,  as  zuellas  on  the  succeed- 
ing plates,  is  fully  as  important  as  the  drawing,  and  should  be 
done  in  the  neatest  possible  manner.  Drawings  sent  in  for 
correction  with  the  lettering  omitted  will  be  returned  for 
completion. 
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The  reference  letters  like  A,  B,  Cy  etc, ,  as  shown  in  Fig,  Sl^ 
are  not  to  be  put  on  the  plates. 

Do  not  neglect  to  trim  the  plates  to  the  required  size.  Do 
not  pufuh  large  holes  in  the  paper  tvith  the  dividers  or  com- 
passes. Remember  that  the  division  lines  are  to  be  erased — 
not  inked  ifi 

PI^TB  II 

36.  Draw  the  division  lines  in  the  same  manner  as 
described  for  Plate  I.  The  following  five  problems  (5  to  9, 
inclusive)  are  to  be  drawn  in  regular  order,  as  was  done  in 
Plate  I,  with  problems  from  1  to  4.  The  letter  headings  are 
given  in  heavy-faced  type  after  the  problem  number. 

Problem  5. — To  bisect  a  given  ang^le.^ 

Case  I. —  When  the  sides  intersect  within  the  limits  of  the 
drawing.     See  Fig.  37. 

CoNSTRircTioN.  —  Let 
A  O  B  h^  the  angle  to  be 
bisected.  Draw  the  sides 
(9^and(9/i3i"long.  With 
the  vertex  ^  as  a  center, 
and  any  convenient  radius, 
describe  an  arc  D  E  inter- 
secting OAditD  and  OB 
at  E,  With  D  and  E  as 
centers,  and  a  radius  greater 
than  the  chord  of  half  the  arc  DE^  describe  two  arcs  inter- 
secting at  C.  The  line  drawn  through  C  and  O  will  bisect 
the  angle ;  that  is,  A  O  C  =  COB, 

Case  II. —  When  the  sides  do  not  intersect  within  the  limits 
of  the  draiuing.     See  Fig.  38. 

Construction. — Draw  two  lines,  A  B  and  C D^  each  3^" 
long,  and  inclined  towards  each  other  as  shown.     With  any 

♦  Since  the  letter  heading  in  this  problem  is  very  short,  it  will  be 
better  to  place  it  over  each  of  the  two  cases  separately,  instead  of  run- 
ning it  over  the  division  line,  as  was  done  with  the  long  headings  of  the 
two  cases  in  Plate  I.  Put  Case  I  and  Case  II  under  the  heading,  as  in 
the  previous  plate. 

C,    IV,— 4 


Fig.  87 
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point  £  on  CZ>  as  a  center  and  any  convenient  radius, 
describe  arc  F 1 G  H\  with  C  as  a  center  and  same  radius, 
describe  arc  HLEF^  intersecting FI G H in  H and F,  With 
Z  as  a  center  and  same  radius,  describe  arc  KG  J'  with  /as 


Fig.  88 


a  center  and  same  radius,  describe  2SQ,  J  E  K^  intersecting 
K  GJ  in  K  and  /.  Draw  H F  and/  K\  they  intersect  at  (?, 
a  point  on  the  bisecting  line.  With  O  as  a  center  and  the 
same  or  any  convenient  radius,  describe  an  arc  intersecting 
A  B  and  C  D  in  J/ and  JV.  With  J/ and  A^  as  centers  and 
any  radius  greater  than  one-half  MN,  describe  arcs  inter- 
secting at  P,  A  line  drawn  througH  O  and  P  is  the  required 
bisecting  line. 

'Problem  6. — To  divide  a  grlven  stralgrlit  line  Into  any- 
required  number  of  equal  parts. 

See  Fig.  39  (a), 

x>-'''\  Construction.  —  A  B    is 

iY    \     \         the  given  line  3y\"  long.     It 


I. 


cj,""^^      \      \     \         is  required  to  divide  it  into 
J^/'  \      \      \     \     \        eight  equal  parts.     Through 
^^^^\     \     \     \     \     \     \       one  extremity  A  of  the  line, 
'^-—ii — ^ — -p — ^ — ir~^ — t — '^    draw  an   indefinite  straight 
FIG.  89  (a)  ^^^^  ^  ^»  making  any  angle 

with  A  B,  Set  the  dividers 
to  any  convenient  distance,  and  space  off  eight  equal  divi- 
sions on  A  Cy  ?iS  A  A",  A^/,  I H^  etc.     Join  Cand  B  by  the 
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straight  line  C  />\  and  through  the  points  /?,  E^  /%  (7,  etc. 
draw  lines  D L,  EM,  etc.  parallel  to  C B,  by  using  the  two 
triangles;  these  parallels  intersect  A  B  in  the  points  Z,  J/,  iV, 
etc.,  which  are  equally  distant  apart.  The  spaces  L  J/,  M N^ 
N  O,  etc.  are  each  equal  to  ^  ^  ^.  Proceed  in  a  similar  way 
for  any  number  of  equal  parts  into  which  A  B  is  to  be 
divided. 

Another  method  is  shown  in  Fig.  39  (^).  Draw  A  B  as 
before,  and  erect  the  perpendicular  B  C.  Now  divide  the 
length  ol  A  B  by  the  number  denoting  the  number  of  equal 
parts  into  which  ^  ^  is  to  be  divided,  obtaining,  in  this  case, 
3yV'  -^  8  =  iV^".  As  ^  C  is 
longer  than  A  B,  the  equal 

divisions  A  A",  KI,  etc.  are  ;^r 

longer   than  A  7",  TR^   etc.  q 

and  may  be  made  any  con-  ^r 

venient  length  greater  than         ir.^'l'   I 
A  B  -T-  S,     In  this  case,  i"  is    ^  __ 
the    most    convenient    frac- 
tion nearest  to  and  greater 


..'-r 


•1 


I  I 

^= 1 


TB     P      6     N     M     t 
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than  /A"  I  hence,  consider  A  K^  K I^  etc.  to  be  each  ^"  in 
length,  thus  making  the  length  of  ^  C  8  X  i"  =  4".  With  A 
as  a  center  and  a  radius  equal  to  4",  describe  an  arc  cut- 
ting B  C  '\xi  C,  and  draw  A  C.  Then  with  a  scale  lay  off 
A  K=  K/=  etc.  =  i",  and  project  /f,  /,  //,  etc.  upon  ^  B^ 
in  7',\^,  /*,  etc.,  the  required  points.  The  advantage  of  this 
method  over  the  other  is  that  the  T  square  and  triangle  can 
be  used  throughout,  thus  making  it  very  much  easier  to 
draw  the  parallels  D  L^  E  A/,  etc. 

The  student,  when  drawing  this  plate,  is  at  liberty  to  use 
either  of  the  two  methods  given  in  this  problem. 

Problem  7. — To  <lra>v  a  straipfht  line  through  any 
g^ven  point  on  a  pjiven  stitilflflit  line  to  make  any 
required  anjpcle  Avitli  tliat  line. 

Construction. — In  Fig.  40,  .-/  B  is  the  given  line  3^"  long, 
Pis  the  given  point,  and  E  O  E  \<>  the  given  angle.  With 
the  vertex  O  as  a. center,  and  any  convenient  radius,  describe 
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Fig.  40 


an  arc  EF  cutting  O E  and  O F  \n  E  and  F,     With  -Pas  a 

center,  and  the  same 
radius,  describe  an 
arc  CD,  With  D  as 
a  center,  and  a  radius 
equal  to  the  chord  of 
the  arc  E  /%  describe 
an  arc  cutting  CD 
in  C  A  line  drawn 
through  the  points  P 
and  C  will  make  an 

angle  with  A  B  equal  to  the  angle  (?,  or  C  PD  =  E  OF. 

Problem  8. — To  dra^v  an  equi- 
lateral trlangrle,  one  side  being: 
given. 

Construction. — In  Fig.  41,  A  B'\s 
the  given  side  2^'  long.  With  A  B 
as  a  radius,  and  A  and  B  as  centers, 
describe  two  arcs  intersecting  in  C, 
Draw  C  A  and  C  B^  and  C  A  B  is  an  ^ 
equilateral  triangle. 

Problem  9. — The  altitude  of  an  equilateral  trlangrle 
beliigr  given,  to  draw  tlie  triangle. 

Construction. — In  Fig.  42,  A  H  is  the  altitude  2^"  long. 

Through  the  extremities  ol  A  B  draw  the  parallel  lines  CD 
c.  B  ,D        and    EF    perpendicular    to 

A  B.  With  Z^  as  a  center,  and 
any  convenient  radius,  de- 
scribe the  semicircle  C H K D 
intersecting  CD  in  Cand  D, 
With  C  and  D  as  centers, 
and  the  same  radius,  describe 
arcs  cutting  the  semicircle 
in  H  and  K.     Draw  B  H  and 

B K,  and  prolong  them  to  meet  E F  m  E  and  F,     B E Fis 

the  required  equilateral  triangle. 

This  problem  finishes  Plate  II.     The  directions  for  inking 

in,  lettering,  etc.  are  the  same  as  for  Plate  I. 


Fig.  41 


§13 


GEOMETRICAL  DRAWING 


37 


Pig.  48 


PL.ATK   III 

37.     This  plate  is  to  be  divided  up  like  Plates  I  and  II, 
and  the  six  following  prob- 
lems are  to  be  drawn  in  a 
similar  manner: 

Problem  10. — Ttv-o 
sides  and  the  included 
angrle  of  a  triangle  being: 
g^iven,  to  construct  the 
triangrle.. 

Construction. — In  Fig. 
43,   make  the  given  sides 

il/A^2V' long  and /^(2  ir 

long.     Let  O  be  the  given  angle.     Draw  A  By  and  make  it 

equal  in  length  to  PQ.     Make  the  angle  C  B  A  equal  to  the 

given  angle  O^  and  make  C^  equal  in  length  to  the  line  M N. 

Draw  C A^  and  C A  B  is  the  required  triangle. 

Problem  11. — To  draw  a  parallelogrram  \vhen  the  sides 
and  one  of  the  ang^les  are  gfiven. 

Construction.— In   Fig.  44,  make  the  given  sides  M N 
2i"  long  and  PQ  IJ"   long.     Let   O    be   the  given  angle. 

Draw  A  B  equal  to  M N, 
^^  '  ^*  and  draw   BC^  making 

an  angle  with  A  B  equal 
to  the  given  angle  O, 
Make  />  6' equal  to  PQ. 
With  6'  as  a  center,  and 
a  radius  equal  to  M N, 
^*  *^  describe   an   arc   at    D. 

p, _^Q  With  ^  as  a  center,  and 

Fio.  44  ^  radius  equal  to  PQ, 

describe  an  arc  inter- 
secting the  other  arc  in  D.  Draw  AD  and  CD,  and 
A  BCD  is  the  required  parallelogram. 


38 


GEOMETRICAL  DRAWING 


§13 


Fig.  45 


Problem  12. — An  ai-c  and  its  radius  being:  given,  to 
And  the  center. 

Construction. — In  Fig.  45,  A  CD B  \s  the  arc,  and MN, 

If"  long,  is  the  radius.  With 
MN  as  a  radius,  and  any 
point  C  in  the  given  arc  as  a 
center,  describe  an  arc  at  O, 
With  any  other  point  D  in  the 
given  arc  as  a  center,  and  the 
same  radius,  describe  an  arc 
intersecting  the  first  in  O. 
O  is  the  required  center. 

Problem  13. — To  pass  a  circumference  tlirougrh.  any 
three  points  not  in  the  same  straight  line. 

Construction. — In  Fig.  46,  A^  B,  and  C  are  the  given 
points.  With  A  and  B  as  centers,  and 
any  convenient  radius,  describe  arcs  in- 
tersecting each  other  in  K  and  /.  With 
B  and  C  as  centers,  and  any  convenient 
radius,  describe  arcs  intersecting  each 
other  in  D  and  E.  Through  /  and  K 
and  through  D  and  E,  draw  lines  inter- 
secting at  O.  With  (7  as  a  center,  and 
O  A  as  3.  radius,  describe  a  circle;  it  will 
pass  through  A,  B,  and  C.  fig.  46 

Problem  14. — To  inscribe 
a  squai-e  in  a  given  circle. 

Construction. — In  Fig.  47, 
the  circle  A  BCD  is  3^"  in 
diameter.  Draw  two  diam- 
eters, A  C  and  D  B^  at  right 
angles  to  each  other.  Draw 
the  lines  A  B,  B  C,  CD,  and 
DA,  joining  the  points  of  in- 
tersection of  these  diameters 
with  the  circumference  of  the 
circle,  and  they  will  be  the 
sides  of  the  square. 
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Problem  15 — To  Inscribe  a  regriilar  hexagon  in  a  given 
circle. 

Construction. — In  Fig.  48,.  from  (9  as  a  center,  with  the 
dividers  set  to  IJ",  describe 
the  circle  A  B  C  D  E  F,  Draw 
the  diameter  D  O  A^  and  from 
the  points  D  and  A^  with  the 
dividers  set  equal  to  the  radius 
of  the  circle,  describe  arcs  in- 
tersecting the  circle  at  -£,  C,  /% 
and  B.  Join  these  points  by 
straight  lines,  and  they  will 
form  the  sides  of  the  hexa- 
gon. This  problem  completes 
Plate  III. 


--^A 
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PliATE  IV 

38.  The  first  four  problems  on  this  plate  are  more  diffi- 
cult than  any  on  the  preceding  plates  and  will  require  very 
careful  construction.  All  the  sides  of  each  polygon  must  be 
of  exactly  the  same  length,  so  that  they  will  space  around 
evenly  with  the  dividers.    The  figures  should  not  be  inked 

in  until  the  pencil  construc- 
tion is  done  accurately.  The 
preliminary  directions  for  this 
plate  are  the  same  as  for  the 
preceding  ones. 

B  Problem  16. — To  inscribe 
a  regular  peutiigron  in  a. 
g^ven  circle. 

Construction. — In  Fig.  49, 
from  C^  as  a  center,  with  the 
dividers  set  to  1}",  describe 
the  circle  A  B  C D,  Draw  the 
two  diameters  A  C  and  D  B  2X  right  angles  to  each  other. 
Bisect  one  of  the  radii,  as  0  B,  at  /.  With  /  as  a  center, 
and  I A  as  a  radius,  describe  the  arc  A  J  cutting  DO  at  y. 
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With  ^  as  a  center,  and  ^  y  as  a  radius,  describe  an  2lxq.JH 
cutting  the  circumference  at  H.  The  chord  A  1/  is  one  side 
of  the  pentagon. 

Problem  17.  — To  Inscribe  a  regrular  octagron  In  a  grlven 
circle. 

Construction. — In  Fig.  50,  from  ^  as  a  center,  with  the 

dividers  set  to  1}",  describe 
the  circle  A  BCDEFGH, 
Draw  the  two  diameters  A  E 
and  G  C  2A,  right  angles  to  each 
other.  Bisect  one  of  the  four 
equal  arcs,  as  A  G  2X  H^  and 
^  draw  the  diameter  HOD,  Bi- 
sect another  of  the  equal  arcs, 
as  A  C  2X  i?,  and  draw  the. 
diameter  EOF.  Straight  lines 
drawn  from  A  to  B^  from  B 
to  C,  etc.  will  form  the  re- 
quired octagon. 

Problem  18. — To  inscribe  a  regrular  i>olyg:on  of  any 
number  of  sides  in  a  g^l^en  circle. 

Construction. — In  Fig.  51,  from  (9  as  a  center,  with  the 
dividers  set  to  If",  describe  the  cir- 
cle yi  7  CD.  Draw  the  two  diam- 
eters D  7  and  A  C  2±  right  angles 
to  each  other.  Divide  the  diam- 
eter D  7  into  as  many  equal  parts 
as  the  polygon  has  sides  (in  this 
case  seven).  Prolong  the  diam- 
eter A  C  and  make  S'A  equal  to 
three-fourths  of  the  radius  OA, 
Through  S'  and  2,  the  second  di- 
vision from  D  on  the  diameter  D  7, 
draw  the  line  3' I,  cutting  the  cir- 
cumference at  /.  Draw  the 
chord  Z>/,  and  it  is  one  side  of  the  required  polygon, 
others  may  be  spaced  off  around  the  circumference. 


The 


§13 


GEOMETRICAL   DRAWING 


il 


Problem  19. — The  side  of  a  refpular  polygon  being 
grlven,  to  construct  the  pol.vfron. 

Construction. — In  Fig.  53,  ]et  A  C  be  the  given  side.  If 
the  polygon  is  to  have  eight  sides,  the  line  A  C  should  be, 
for  this  plate,  1  J"  long.  Produce 
A  C  \.o  B.  From  C  as  center, 
with  a  radius  equal  to  C  A,  de- 
scribe the  semicircle,^  1  33456 
IB,  and  divide  it  into  as  many 
equal  parts  as  there  are  sides  in 
the  required  polygon  (in  this 
case  eight).  From  the  point  C, 
and  through  the  second  division 
from  B,  as  6,  draw  the  straight 
line  C6.     Bisect  the  lines  A  C  ""  "* 

and  C6  by  perpendiculars  intersecting  in  O.  From  O 
as  a  center,  and  with  (7  C  as  a  radius,  describe  the  cn- 
cX^CANGFE D6.  From  C,  and  through  the  points  1,  2, 
3,  4,  5  in  the  semicircle,  draw  lines  C//,  C G,  C F,  etc.,  meet- 
ing the  circumference.  Joining  the  points  6  and  D,  D  and 
E,  E  and  F,  etc.,  by  straight  lines,  will  complete  the  required 
polygon. 

Problem  20. — To  And  an  arc  of  a  circle  having  a 
knovFU  radius,  >vhlch  shall  be  equal  in  length  to  a 
given  straight  line. 

Note. — There  is  no  exact 
method,  but  the  following 
approximate  method  is  close 
enough  for  all  practica.1  pur- 
poses, when  the  required  arc 
does  not  exceed  J  of  the  cir- 
cumference. 

Construction.  —  In 
Fig.  53,  let  AC  h&  the 
given  line  3i"  long.  At 
A,  erect  the  perpendicu- 
lar A  O,  and  make  it 
equal  in  length  to  the 
given  radius,  say  4"  long. 
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With  O  A  as  a,  radius,  and  (9  as  a  center,  describe  the 
arc  ABE.  Divide  A  C  into  four  equal  parts,  A  D  being  the 
first  of  these  parts,  counting  from  A.  With  /?  as  a  center, 
and  a  radius  Z>C,  describe  the  arc  C  B  intersecting  ABE 
in  B,  The  length  of  the  arc  A  B  very  nearly  equals  the 
length  of  the  straight  line  A  C, 

Problem  21. — An  arc  of  a  circle  beln^  graven,  to  find  a 
stralgrl^t  line  of  tlie  same  lengrtli. 

This  is  also  an  approximate 
method,  but  close  enough  for 
practical  purposes,  when  the 
arc  does  not  exceed  \  of  the 
circumference. 


PIG.  54 


Construction. — In  Fig.  54, 
let  ^  ^  be  the  given  arc ;  find 
the  center  O  of  the  arc,  and 
draw  the  radius  O  A .  For  this 
problem,  choose  the  arc  so  that 
the  radius  will  not  exceed  1}".  At  A^  draw  A  C  perpen- 
dicular to  the  radius  (and,  of  course,  tangent  to  the  arc). 
Draw  the  chord  A  B^  and  prolong  it  to  D,  so  that  A  D  '=.\ 
the  chord  A  B.  With  Z>  as  a  center,  and  a  radius  D  B, 
describe  the  arc  B  C  cutting  A  C  in  C,  AC  will  be  very 
nearly  equal  to  the  arc  A  B. 


PliATE  V 

39,  On  this  plate  there  are  five  problems  instead  of  six. 
It  should  be  divided  into  six  equal  parts  or  divisions,  as 
the  previous  ones.  The  two  right-hand  end  divisions  are 
used  to  draw  in  the  last  figure  of  Plate  V,  which  is  too  large 
to  put  in  one  division. 

Problem  22. — To  draw  an  egg-shaped  oval. 

Construction. — In  Fig.  55,  on  the  diameter  A  B,  which 
is  2f"  long,  describe  a  circle  ACBG.     Through  the  center  (7, 
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draw  O  C  perpendicular  to  A  B,  cutting  the  circumfer- 
ence ACBG  in  C.  Draw  the  straight  lines  BCF  and 
ACE.    With  5  and /i  as  centers,  ^ 

and  the  diameter  ^  ^  as  a  radius, 
describe  arcs  terminating  in  D 
and  H,  the  points  of  intersection 
with  BF  a.nAA  E.  With  C  as  a 
center,  and  CD  as  a  radius,  de-  ■^f; 
scribe  the  arc  DM.  The  curve 
A  D  H B  G  is  the  required  oval. 

Problem  33.  — To  <lraw  an 
ellipse,  the  dlameteps  being 
^ven.     The  exact  method. 

Construction. — In  Fig.  56,  let 
B  D,  the  long  diameter,  or  major 

axis,  which  is  3^"  long,  and  A  C,  the  short  diameter,  or 
minor  axis,  which  is  3J"  long,  intersect  at  right  angles 
to  each  other  in  the  center  O,  so  that  DO  =  0  B  and  A  O 
=  O  C.  With  C  as  a  center,  and  0  C  as  a  radius,  describe 
a  circle;  with  the  same  center,  and  O  Das  Sl  radius,  describe 
another  circle.  Divide  both  circles  into  the  same  number  of 
equal  parts,  as  1-2,  2-3,  etc.  This  is  best  done  by  first 
dividing  the  larger  circle  into  the  required  number  of  parts, 
beginning  at  the  center  line 
A  C,  and  then  drawing  radial 
lines  through  the  points  of 
division  on  this  circle,  to  the 
center  O  of  the  circles,  as 
g  shown  in  the  upper  right-hand 
quarter  of  the  figure.  The 
radial  lines  will  divide  the 
smaller  circle  into  the  same 
number  of  parts  that  the  larger 
one  has  been  divided  into, 
^f*-  "  Through  the  points  of  division 

on  the  smaller  circle,  draw  horizontal  lines,  and,  through 
the  points  of  division  on  the  larger  circle,  draw  vertical 
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lines;  the  points  of  intersection  of  these  lines  are  points  on 
the  ellipse.  Thus,  the  horizontal  line  3  c  and  the  vertical 
line  3  c  intersecting  at  c  give  the  point  c  of  the  ellipse. 
Trace  a  curve  through  the  points  thus  found  by  placing  an 
irregular  curve  on  the  drawing  in  such  a  manner  that  one 
of  its  bounding  lines  will  pass  through  three  or  more  points, 
judging  with  the  eye  whether  the  curve  so  traced  bulges 
out  too  much  or  is  too  flat.  Then  adjust  the  curve  again, 
so  that  its  bounding  line  will  pass  through  several  more 
points,  and  so  on,  until  the  curve  is  completed.  Care 
should  be  taken  to  make  all  changes  in  curyature  as  gradual 
as  possible,  and  all  curves  drawn  in  this  manner  should  be 
drawn  in  pencil  before  being  inked  in.  It  requires  con- 
siderable practice  to  be  able  to  draw  a  good  curved  line  in 
this  manner  by  means  of  an  irregular  curve,  and  the  general 
appearance  of  a  curve  thus  drawn  depends  a  great  deal  upon 
the  student's  taste  and  the  accuracy  of  his  eye. 

Problem  24. — ^To  dra^v  an  ellipse  by  circular  arcs. 

This  is  not  a  true 
ellipse,  but  is  very 
convenient  for  many 
purposes. 

Construction.  — In 
Fig.  57,  use  the  same 
dimensions  as  before. 
On  the  major  axis  A  B^ 
set  off  Aa^  CD,  the 
minor  axis,  and  divide 
a  B  into  three  equal 
parts.  With  (9  as  a 
center,  and  a  radius 
equal  to  the  length  of 
two  of  these  parts,  describe  arcs  cutting  A  B  \n  d  and  d\ 
Upon  dd*  as  a  side,  construct  two  equilateral  triangles  db  d* 
and  d b' d\  With  ^  as  a  center,  and  a  radius  equal  to  b  D^ 
describe  the  arc  ^Z?/*  intersecting  b  df  Viwd  b  d' g'\\\  f  2ind  g. 
With  the  same  radius,  and  b'  as  a  center,  describe  the  arc^  C^ 
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intersecting  V  d'  c  and  b'  dc  in  c  and  e.  With  A  and  5  as 
centers,  and  a  radius  equal  to  the  chord  of  the  arcs  A  cor 
Be,  describe  arcs  cutting  A  B  very  near  to  d*  and  d.  From 
the  points  of  intersection  of  these  arcs  with  A  B  as  centers, 
and  the  same  radius,  describe  the  arcs  c A gand.  e Bf. 

Problem  25. — To  dra\v  a  parabola,  the  axis  and  long^- 
est  double  ordinate  beings  given. 

Explanation. — The  curve  shown  in  Fig.  68  is  called  a 
parabola.     This  curve  and  the  dlipse  are  the  bounding 


Fig.  68 

lines  of  certain  sections  of  a  cone.  The  line  O  A,  which 
bisects  the  area  included  between  the  curve  and  the  line  B  C, 
is  called  the  axis.  Any  line,  B  A  or  A  C\  drawn  peri>endic- 
ular  to  O  A,  and  whose  length  is  included  between  O  A  and 
the  curve,  is  called  an  ordinate.  Any  line,  as  B  C,  both  of 
whose  extremities  rest  on  the  curve,  and  is  perpendicular  to 
the  axis,  is  called  a  double  ordinate.  The  point  O  is 
called  the  vertex. 

Construction. — Make  the  axis  O  A  equal  to  S^'\  and  the 
longest  double  ordinate  BC  equal  to  3".  B  A,  of  course, 
equals^']  C.     Draw  I)  Ji  through  the  other  extremity  of  the 
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axis  and  perpendicular  to  it;  also  draw  B D  and  C E  par- 
allel to  OA  and  intersecting  D  E  \n  D  and  E,  Divide  DB 
and  A  B  into  the  same  number  of  equal  parts,  as  shown  (in 
this  case  six);  through  the  vertex  (7,  draw  01^  02^  etc.  to 
the  points  of  division  on  D  B^  and  through  the  corresponding 
points  1,  2,  etc.,  on  A  B,  draw  lines  parallel  to  the  axis.  The 
points  of  intersection  of  these  lines,  a,  b,  c^  etc.,  are  points 
on  the  curve,  through  which  it  may  be  traced.  In  a  similar 
manner,  draw  the  lower  half  OfghilCoi  the  curve. 

Problem  26. — ^To  draw  a  liellx,  tlie  pltcb.  and  tlie 
diameter  being:  ^ven. 

Explanation. — The  helix  is  a  curve  formed  by  a  point 
moving  around  the  cylinder  and  at  the  same  time  advancing 
along  its  length  a  certain  distance ;  this  forms  the  winding 
curved  line  shown  in  Fig.  59.  The  center  line  A  (9,  drawn 
through  the  cylinder,  is  called  the  axis  of  the  helix,  and  any 
line  perpendicular  to  the  axis  and  terminated  by  the  helix  is 
of  the  same  length,  being  equal  to  the  radius  of  the  cylin- 
der. The  distance  B  12  that  the  point  advances  lengthwise 
during  one  revolution  is  called  the  piteh. 

Construction. — As  mentioned  before,  this  figure  occupies 
two  spaces  of  the  plate.  The  diameter  of  the  cylinder  is  3i^", 
the  pitch  is  2",  and  a  turn  and  a  half  of  the  helix  is  to  be 
shown.  The  rectangle  F B  E  D  is  a.  side  view  of  the  cylin- 
der, and  the  circle  1\  2\  3\  ^',  etc.  is  a  bottom  view.  It 
will  be  noticed  that  one-half  of  a  turn  of  the  helix  is  shown 
dotted ;  this  is  because  that  part  of  it  is  on  the  other  side  of 
the  cylinder,  and  cannot  be  seen.  Lines  that  are  hidden  are 
drawn  dotted.  Draw  the  axis  O  A  in  the  center  of  the  space. 
Draw  FD  3^'  long  and  4"  from  the  top  border  line ;  on  it 
construct  a  rectangle  whose  height  FB  =  3".  Take  the 
center  (9 of  the  circle  2 J"  below  the  point  //on  the  axis  A  O, 
and  describe  a  circle  having  a  diameter  of  3  J",  equal  to  the 
diameter  of  the  cylinder.  Lay  off  the  pitch  from  B  to  12 
equal  to  2",  and  divide  it  into  a  convenient  number  of  equal 
parts  (in  this  case  12),  and  divide  the  circle  into  the  same 
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number  of  equal  parts,  beginning  at  one  extremity  of  the 
diameter  12*  O  6\  drawn  parallel  to  BE.  At  the  point  1'  on 
the  circle  divisions,  erect  I'-l'  perpendicular  toB£;  through 
the  point  1  of  the  pitch  divisions,  draw  l~f  parallel  to  B  E^ 
intersecting  the  perpendicular  in  i',  which  is  a  point  on  the 
helix.  Through  the  point  2\  erect  a  perpendicular  2'-^^ 
intersecting  2-2"  in  2\  which  is  another  point  on  the  helix. 


So  proceed  until  the  point  6  is  reached;  from  here  on,  until 
the  point  12  of  the  helix  is  reached,  the  curve  will  be  dotted. 
It  will  be  noticed  that  the  points  of  division  7',  S\  9\  10\ 
and  11'  on  the  circle  are  directly  opposite  the  points  5\  -J', 
S\  2\  and  /' ;  hence,  it  was  not  necessary  to  draw  the  lower 
half  of  the  circle,  since  the  point  5'  could  have  been  the 
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starting  point,  and  the  operation  could  have  been  conducted 
backwards  to  find  the  points  on  the  dotted  upper  half  of  the 
helix.  The  other  full-curved  line  of  the  helix  can  be  drawn 
in  exactly  the  same  manner  as  the  first  half. 

This  ends  the  subject  of  practical  geometry.  Mechan- 
ical drawing,  or  the  representation  of  objects  on  plane 
surfaces,  will  now  be  commenced. 


THE  REPRESENTATION  OF  OBJECTS 

40.     There   are  five   kinds  of  lines  used  in  mechanical 
drawing,  thus: 

The  light  full  line. . _ 

The  dotted  line.      

The  broken-and- 
dotted  line. 

The  broken  line. 


The  heaify  full  line. , 


The  light  full  line  is  used  the  most;  it  is  used  for  draw- 
ing the  outlines  of  figures,  and  all  other  parts  that  can  be 
seen  by  the  eye. 

The  dotted  line,  consisting  of  a  series  of  very  short  dashes, 
is  used  ift  showing  the  position  and  shape  of  that  part  of  the 
object  represented  by  the  drawing  which  is  concealed  from 
the  eye  in  the  view  shown;  for  example,  a  hollow  prism 
closed  on  all  sides.  The  hollow  part  cannot  be  seen;  hence 
its  size,  shape,  and  position  are  represented  by  dotted  lines. 

The  broken-and-dotted  line,  consisting  of  a  long  dash,  and 
two  dots  or  very  short  dashes  repeated  regularly,  is  used  to 
indicate  the  center  lines  of  the  figure  or  parts  of  the  figure, 
and  also  to  indicate  where  a  section  has  been  taken  when  a 
sectional  view  is  shown.  This  line  is  sometimes  used  for  con- 
struction lines  in  geometrical  figures. 
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The  broken  line,  consisting  of  a  series  of  long  dashes,  is  used 
in  putting  in  the  dimensions,  and  serves  to  prevent  the  dimen- 
sion lines  from  being  mistaken  for  lines  of  the  drawing. 

The  heavy  full  lines  are  made  not  less  than  twice  as  thick 
as  the  light  full  lines,  and  are  used  for  shade  lines. 

Further  explanations  in  regard  to  these  lines  will  be  given 
when  the  necessity  for  using  them  arises. 


Fig.  60 


41.  The  illustrations  in  this  and  the  following  paragraphs 
should  be  carefully  studied,  but  the  student  is  not  required 
to  send  in  drawings  from  same.  In  Fig.  60  is  shown  a  per- 
spective view  of  a  frustum  of  a  pyramid  having  a  rectangu- 
lar base  and  a  hole  passing  through  the  center  of  the  frustum. 
This  figure  represents  the 
frustum  as  it  actually 
appears  when  the  eye  of 
the  observer  is  in  a  certain 
position.  The  angles  at 
A,  By  Cy  and  D  are  right 
angles,  the  hole  is  round, 
and  the  sides  A  B  and  D  C 
are  of  equal  lengths;  so 
also  are  A  D  and  B  C;  but,  if  they  were  measured  on  the 
drawing,  it  would  be  found  that  their  lengths  are  all  differ- 
ent. The  same  difficulty  would  be  met  with  in  trying  to 
measure  the  angles  and  edges  of  the  sides  ^  B F E^  B FG  C^ 
etc.  The  real  length  of  any  line  can  be  found  only  by  a 
person  perfectly  familiar  with  perspective  drawing,  and  then 
only  with  great  difficulty.  Consequently,  this  method  of 
representing  objects  is  of  no  use  to  a  patternmaker,  car- 
penter, machinist,  or  engineer,  except  to  show  what  the 
object  looks  like.  In  order  to  represent  the  object  in  such  a 
manner  that  any  line  or  angle  can  be  measured  directly,  what 
is  termed  projection  drawing,  or  orthographic  projectiojiy 
is  universally  employed.  In  the  perspective  drawing  shown 
in  Fig.  60,  three  sides  of  the  frustum  are  shown,  and  the 
other  three  are  hidden;  in  a  projection  drawing,  but  one  side 
is  usually  shown,  the  other  five  being  hidden. 


C,    IV. -5 


60 


GEOMETRICAL  DRAWING 


§13 


u 


TT 


Pig.  61 


A  line  or  surface  is  projected  upon  a  plane,  by  drawing 
perpendicular  lines  from  points  on  the  line  or  surface  to  the 

plane,  and  joining  them. 

Thus,  if  perpendiculars  be 
drawn  from  the  extremities  of  a 
line,  RsAB,  to  another  line  f/JC, 
as  shown  in  Fig.  61,  that  portion 
of  I/K  included  between  the 
feet  of  these  perpendiculars  is 
called  the  projection  oi  A  B 
upon  H  K.  Thus,  C  D  \s  the  projection  oi  A  B  upon  H  K^ 
the  point  C  is  the  projection  of  the  point  A  upon  H K^  and 
the  point  D  is  the  projection  of  the  point  B  upon  H K, 

The  projection  of  any  point  of  A  B^  as  £,  can  be  found  by 
drawing  a  perpendicular  from  £  to  //A',  and  the  point  where 
this  perpendicular  intersects 
HK  is  its  projection.  In  this 
case,  the  point  F  is  the  projec- 
tion of  the  point  E  upon  HK. 
It  makes  no  difference 
whether  the  line  is  straight 
or  curved — the  method  of 
finding  the  projection  is  exactly  the  same.  See  Fig.  62. 
In  a  similar  way,  a  surface  is  projected  upon  a  flat  surface. 
Thus,  it  is  desired  to  project  the  irregular  surface  addc. 
Fig.  63,  upon  the  flat  surface  A  B DC,     Draw  the  lines  a a\ 

^  bb'  perpendicular  to  the  flat 
surface;  join  the  points  a* 
and  b\  where  these  perpen- 
diculars intersect  the  flat 
surface  A  B D C^  by  a 
straight  line  a!  b\  and  a'  b* 
is  the  projection  of  the  line 
ab  upon  A  B DC. 

In  the  same  way,  a' c' is 
found  to  be  the  projection 
of  ac\  c* d\  the  projection  of  C(i\  and  d' b\  the  pro- 
jection  of   db.       Hence,    the   projection   of   the    irregular 
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Fig.  W 


surface  abdc  upon  the  flat  surface  A  B  D  C  is  the  quadri- 
lateral a'd'd'c'. 

The  projection  of  any  point,  as  e,  is  found  as  before,  by 
drawing  a  perpendicular 
from  the  point  e  to  the  sur- 
face ;  thus,  e'  is  the  projection 
of  the  point  e  upon  the  plane 
ABDC. 

Suppose  that  the  frustum, 
Fig.  60,  were  placed  on  a 
plane  surface  (a  surface  per- 
fectly flat,  like  a  surface 
plate),  and  the  outline  of  the 
bottom  were  traced  by  pass- 
ing a  pencil  along  its  edges,  including  the  round  hole,  the 
result  would  look  like  Fig.  64,  in  which  the  rectangle  E  FG  H 
represents  the  bottom  of  the  frustum  and  the  circle  repre- 
sents the  hole. 

The  angles  and  lengths  of  the  ^ides  are  exactly  the  same 
as  they  are  on  the  frustum  itself;  a  similar  drawing  could  be 
made  to  represent  the  top,  but  it  is  unnecessary,  for  the 
reason  that  the  top  can  be  projected  on  Fig.  64,  and  both 
objects  accomplished  in  one  drawing.  Fig.  65  illustrates 
the  meaning  of  the  last  statement.  Here  A* B'  is  the 
projection  of  the  edge  A  B,  Fig.  60 ;  B'  C\  of  B  C,  etc. 
j#  0  A'  E'   is    the   projection  of 

the  edge  .^/i;  B'  F.oiBF, 
etc.  This  drawing  shows 
the  figure  as  it  would  look 
if  the  eye  were  directly  over 
it.  A  drawing  which  rep- 
resents the  object  as  if  it 
were  resting  on  a  horizontal 
plane,  and  the  observer 
Js^  :  r'  looking  at   it    from   above, 

^'°'^  is    called    a   top  vle^v,   or 

plan.      The   line   of    vision   is   thus   perpendicular  to   the 
faces  A  B  C D  and  E FG  H  of  the  frustum.     The  lines  A  B^ 
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FIG.  66 


BCy  etc.,  EF^  FGy  etc.,  and  the  diameter  of  the  hole,  can 
be  measured  directly.  The  drawing  is  not  yet  complete, 
since  it  does  not  show  whether  the  ends  and  sides  are  round- 
ing, hollowed  out,  or  flat.      For  this  purpose,  two  more 

views  are  necessary — a  vertu 
cal  projection^  or  front  view^ 
commonly  called  a  front 
elevation,  and  a  side  pro- 
jection^  or  side  view.  A 
front  view  (elevation)  is 
drawn  by  imagining  the  eye 
to  be  so  situated  that  the 
observer  looks  directly  at 
the  front  of  the  object;  in  other  words,  the  line  of  vision 
is  parallel  to  the  faces  of  the  frustum.  The  side  looked  at 
is  then  drawn  as  if  it  were  projected  on  a  vertical  plane 
at  right  angles  to  the  horizontal  plane,  the  vertical  plane 
being  also  parallel  to  the  edges  E  F  and  H  G  oi  the  frustum 
shown  in  Fig.  60.  The  drawing  would  then  look  like  Fig.  66. 
Here  the  trapezoid  A  BEE  represents  the  side  A  BEE  of 
the  frustum ;  the  altitude  of  the  trapezoid  being  the  same 
as  the  altitude  of  the  frustum,  it  can  be  measured  directly. 
The  hole  cannot  be  seen  when  the  observer  looks  at  the 
frustum  in  this  position;  hence,  it  is  indicated  by  dotted 
lines.  The  projections  of  the  lines  A  B  and  D  C  (also,  of 
EF  and  H  G^  oi  A  E  and  D  //,  and  of  B  Esmd  C  G)  coincide. 
To  draw  the  side  view  (sometimes  called  a  side  eleva- 
tion), imagine  the  frustum  to  be 
revolved  around  on  its  axis  90°  to 
the  left,  and  then  draw  it  in  pre- 
cisely the  same  manner  as  the 
front  elevation,  by  projecting 
the  different  lines  upon  a  plane 
at  right  angles  to  the  horizontal 
plane,  and  perpendicular  to  the 
edges  EEdLVid.  H  G,  that  is,  par- 
allel to  B C  and  EG.  The  side  elevation  would  then  be 
drawn  as.  shown  in  Fig.   G7.     In  this  view  the  lines  A  D 
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and  BC  (also,  EH  and  FG^  D  H  and   CG^  and  ^  i?  and 
BF)  coincide. 

42,  In  order  to  show  clearly  the  different  views,  and  to 
guard  against  one  view  being  mistaken  for  another,  they  are 
always  arranged  on  the  drawing  in  a  certain  fixed  and  invari- 
able manner.     Fig.  68  shows  this  method  of  arrangement. 
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"  Fig.  68 

The  plan  is  drawn  first,  then  the  two  elevations.  It  is  usu- 
ally immaterial  which  of  these  views  is  drawn  first,  but  the 
general  arrangement  is  as  shown.  Any  departure  from  this 
method  of  arrangement  should  be  distinctly  specified  on  the 
drawing  in  writing,  unless  the  purpose  of  the  draftsman  is 
so  clearly  evident  that  no  explanation  is  needed.  The  broken 
and  dotted  lines  are  the  center  lines ;  they  serve  to  show 
the  connection  existing  between  the  different  views  of  the 
object,  and  to  indicate  axes  of  cylindrical  surfaces  of  any 
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kind.  It  will  be  noticed  that,  in  the  plan  view,  the  two 
center  lines  cross  each  other  at  right  angles,  and  that  their 
point  of  intersection  O  is  the  center  of  the  circle  which  rep- 
resents the  hole.  Whenever  a  circle  is  drawn,  two  center 
lines  should  also  be  drawn  through  its  center  at  right  angles 
to  each  other;  this  enables  any  one  looking  at  a  drawing  to 
instantly  locate  the  center  of  any  circle.  This  remark  also 
applies  to  ellipses,  semicircles  etc. 

To  draw  the  frustum  as  shown  in  the  last  figure,  either 
the  front  elevation  or  the  plan  is  drawn  first — whichever 
happens  to  be  more  convenient.  Suppose  the  front  elevation 
to  be  drawn  first.  Draw  the  vertical  center  line  fpt  7i ;  meas- 
ure the  altitude  of  the  frustum,  and  lay  it  off  on  this  line, 
locating  the  points  /  and  K\  through  these  points,  draw  the 
lines  AB  and  £/^  perpendicular  to  ;;///;  make  AI=^IB 
=  ^A  B,  measured  on  the  frustum ;  also  E  K  =  ICF=  ^  EF^ 
measured  on  the  frustum,  and  draw  A  E  and  B  F.  Lay  off 
the  radius  of  the  circular  hole  on  both  sides  of  the  center 
line  m  «,  and  draw  the  dotted  lines  parallel  to  ;//  //  through 
the  extremities  of  these  radii  to  represent  the  hole.  The 
front  elevation  is  now  complete.  To  draw  the  plan,  decide 
where  the  center  is  to  be  located  on  in  «,  and  draw  the  hori- 
zontal center  line  /  q.  With  the  point  of  intersection  O  of 
the  two  center  lines  as  a  center,  and  with  a  radius  equal  to 
the  radius  of  the  hole,  describe  a  circle.  Through  the 
points  /4,  J?,  E^  and  /%  draw  indefinite  straight  lines  parallel 
to ;;/  n.  On  both  sides  of  the  center  line/  q,  lay  off  on  these 
lines  D S  and  S A^  equal  to  ^  DA,  and  HR  and  RE,  equal 
to  J  HE,  both  DA  and  H  E  being  measured  on  the  frus- 
tum. Through  the  points  //,  E,  D,  and  A,  draw  the  lines 
//Gy  EF,  DC,  and  A  B,  and  join  the  points  H  and 
D,  E  and  A,  F  and  B,  and  G  and  C  by  straight  lines, 
as  shown.     The  figure  thus  drawn  will  be  the  plan. 

To  draw  the  side  elevation,  prolong  the  lines  A  B  and 
E  F,  and  draw  the  center  line  /  7'.  Lay  off,  on  each  side 
of  tv,  F  [/ 3ind  C/ (7  equal  to  ^  FG,  measured  on  the  frus- 
tum, and  ^^and  XC  equal  to  I  B  C,  measured  on  the 
frustum.     Join  B  and  F,  and  C  and  G,  by  the  straight  lines 
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BF  and  C  G^  and  draw  the  hole  dotted  as  in  the  front  ele- 
vation.    The  drawing  is  now  complete. 

The  student  should  have  by  this  time  a  good  idea  of  how 
simple  objects  may  be  represented  by  the  different  views 
of  a  drawing,  and  can  now  begin  on  the  next  plate. 


DRAWTNG  PliATE,  TITIiE:    PROJECTIONS— I 

43.  In  making  actual  drawings  of  objects  when  the 
size  of  the  plate  is  limited,  it  is  usually  impossible  to  divide 
it  up  into  a  certain  number  of  parts,  as  in  the  case  of  the 
preceding  plates,  for  the  various  figures  differ  widely  in 
their  sizes.  These  drawings  should  be  so  made  that  no  part 
shall  come  nearer  than  |^"  to  the  border  line,  and  the  figures 
should  be  so  arranged  as  to  present  a  pleasing  appearance  to 
the  eye,  and  not  be  scattered  aimlessly  all  over  the  drawing. 

Fig.  1  represents  a  rectangular  prlsin  2"  long,  1^" 
wide,  and  |-"  thick.  The  prism  is  represented  as  if  it  were 
standing  on  one  of  its  small  ends,  with  the  broad  side 
towards  the  observer.  The  elevation  A  B  D  C  is  drawn 
first;  in  this  case,  it  will  be  a  rectangle  2"  X  1^".  The  top 
view,  or  plan,  FEB  A  is  next  drawn;  this  is  a  rect- 
angle 1^"  X  f ",  the  side  A  B  being  the  projection  of  the 
front  of  the  prism,  and  the  side  F E  oi  its  back.  Lastly, 
the  side  elevation  is  drawn ;  this  is  another  rectangle  B  E  H D^ 
2"  X  i",  the  side  B  D  representing  the  projection  of  the 
front  of  the  prism,  and  the  side  B  E  corresponding  to  the 
right-hand  end  B  E  oi  the  plan. 

Fig.  2  is  a  M^edge  standing  on  one  of  its  triangular  ends. 
It  is  the  rectangle  shown  in  Fig.  1,  cut  diagonally  through 
the  corner  from  ^  to  ^  on  the  plan.  It  will  be  noticed 
that  the  two  elevations  are  exactly  the  same  as  in  Fig.  1, 
the  plan  showing  the  difference  between  the  two  figures. 

Fig.  3  is  another  wedge,  standing  on  one  of  its  rectangu- 
lar sides,  formed  by  cutting  through  the  prism,  in  Fig.  1, 
from  A  to  D,  The  plan  and  side  elevation  are  the  same  as 
in  Fig.  1.     Here,  the  front  elevation  shows  the  difference 
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between  Figs.  1  and  3.  The  point  D  of  the  elevation  is 
projected  on  the  plan  in  the  point  D^  and  the  point  oppo- 
site Z>,  perpendicular  to  the  plane  of  the  paper,  is  the 
point  Hy  shown  in  all  of  the  side  elevations. 

Fig.  4  is  also  a  wedge;  it  is  formed  by  cutting  through 
the  prism  in  Fig.  1  from  B  to  H.  The  front  elevation  and 
plan  are  the  same  as  shown  in  Fig.  1,  the  side  elevation 
being  different.  The  point  H  in  the  side  elevation  oppo- 
site D  is  here  projected  in  the  point  H  of  the  plan ;  the 
point  opposite  C  in  the  front  elevation,  and  opposite  H  in 
the  side  elevation,  is  projected  in  the  point  A^of  the  plan, 
the  line  AT//  being  opposite  C D  in  the  plane  of  the  base. 

Fig.  6  shows  a  cylinder  IJ"  in  diameter  and  2"  long. 
The  side  elevation  is  not  given,  since  all  elevations  of 
a  cylinder  whose  bases  are  perpendicular  to  its  axis  are 
the  same.  Either  view  may  be  drawn  first,  according  to 
convenience. 

Fig.  6  shows  a  liexagronal  prism  2"  long;  the  distance 
between  any  two  parallel  sides  is  H'\  In  this  case,  the  plan 
(a  regular  hexagon)  must  be  drawn  first.  It  is  desired  also 
that  two  of  the  parallel  sides  shall  be  horizontal.  To  draw 
the  plan  in  this  position,  with  the  dimensions  given,  choose 
the  center  O  of  the  hexagon ;  draw  two  center  lines  at  right 
angles  to  each  other,  as  m  n  and  /  q.  With  6?  as  a  center, 
and  a  radius  equal  to  one-half  of  the  distance  between  two 
parallel  sides  (1^^"  X  i  =  f "),  describe  a  circle.  Now,  use  the 
T  square  to  draw  two  horizontal  lines  through  the  points  of 
intersection  of  this  circle  with  the  center  line  m  n.  By  means 
of  the  T  square  and  60°  triangle,  draw  A  B  and  C  D  through  O, 
in  such  a  manner  that  the  angles  AO q  and  CO p  each 
equal  60°;  this  is  done  by  keeping  the  longer  of  the  two 
short  sides  of  the  triangle  vertical,  and  passing  the  pencil 
along  the  hypotenuse.  Through  E  and  M^  the  points  of 
intersection  oi  A  B  with  the  two  parallel  lines,  draw  EK 
and  H  G  parallel  to  C  D\  and  through  F  and  /,  the  points  of 
intersection  of  CD  with  the  two  parallels,  draw  EG  and  K 1 
parallel  to  A  B.  This  completes  the  hexagon,  and  also  the 
plan  of  the  prism.     To  draw  the  front  elevation,  measure 
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off,  on  the  center  line  ;//;/,  the  distance  yZ  equal  to  2",  and 
through  the  points  y  and  L  draw  the  two  horizontal  lines  ^'  e 
and  Rf.  Project  the  points  A',  /,  //,  and  G  upon  5  ^,  as 
shown  by  the  dotted  lines;  and  through  the  points  of  inter- 
section of  these  dotted  lines  with  Se^  draw  the  vertical 
lines  SR^  ab^  cd^  and  ef^  thus  completing  the  front  eleva- 
tion. To  draw  the  side  elevation,  extend  the  lines  Se 
and  Rf^  and  draw  the  center  line  /  v.  Make  U  W  equal 
to  1:J-",  which  is  equal  to  the  distance  between  the  parallel 
sides,  and  draw  U X  and  W  Y\  also,  M Z^  the  point  M  cor- 
responding to  the  point  K  oi  the  plan. 

Fig.  7  represents  a  hexagonal  pyramid;  the  distance 
between  two  parallel  sides  of  the  base  isl^",  and  the  altitude 
is  2".  As  in  Fig.  6,  the  plan  must  be  drawn  first.  Then,  to 
draw  the  front  elevation,  lay  off  6>  /  on  the  center  line  ;;/  n 
equal  to  the  altitude,  and  through  /draw  the  base  line/^'/>'. 
Project  the  points  Z>,  E^  etc.  of  the  plan  upon  A'  1)\  as 
shown  by  the  dotted  lines,  and  join  them  with  the  point  O 
by  the  straight  lines  A*0^  FO,  E'O,  and  D'0\  these  lines 
are  the  vertical  projections  of  the  edges  of  the  pyramid;  the 
horizontal  projections  of  the  edges  are  F  O^  E  O,  D  O^  etc. 
The  side  elevation  can  be  easily  drawn,  and  does  not  require 
a  special  description,  the  length  of  the  base  B  F  being  equal 
to  the  distance  between  the  parallel  sides,  or  1^". 

Fig.  8  shows  a  rivet  |"  in  diameter,  having  a  button 
head  1}"  ih  diameter.  The  side  elevation  is  not  given, 
since  it  is  exactly  the  same  as  the  front  elevation.  Either  of 
the  two  views  may  be  drawn  first,  according  to  convenience. 
Suppose  that  the  elevation  is  first  drawn.  Draw  the  center 
line  ;;/ ;/,  and  the  line  A  B  for  the  base  of  the  head.  On  the 
center  line  lay  off  from  the  line  A  B^  or  the  base  of  the  head, 
a  point  O^  at  a  distance  of  \W  the  height  of  the  head. 
With  the  compasses  set  to  a  radius  of  \^\  and  from  a  point 
on  the  center  line  ;;/ «,  describe  an  arc  A  O  B^  taking  care 
to  pass  this  arc  through  the  point  O.  Lay  off  from,  and  on 
both  sides  of,  the  center  line  ;;/  7i  a  distance  of  jY' ,  or  \  of 
the  diameter  of  the  rivet,  and  draw  E  G  and  EH,  Draw 
the  other  center  line/y  of  the  plan,  and  with  O  as  a  center, 


68  GEOMETRICAL  DRAWING  §  13 

and  a  radius  equal  to  the  radius  of  the  button  head,  describe 
a  circle.  With  the  same  center,  and  a  radius  equal  to  -j^", 
describe  the  dotted  circle,  the  horizontal  projection  of  the 
rivet.  The  irregular  line  G  H  indicates  that  only  a  part  of 
the  rivet  is  shown.  This  is  done  so  as  not  to  take  up  too 
much  space  on  the  drawing. 

Fig.  9  shows  an  ordinary  square-headed  bolt  |"  in  diam- 
eter, having  a  head  If"  square  and  |f"  thick.  Draw  the 
center  lines  m  n  and/ ^.  Construct  the  rectangle  A  B  D  C^ 
If"  X  If",  the  elevation  of  the  head.  Locate  the  points  E 
and  /^at  a  distance  of  r^"  from  each  side  of  the  center  line, 
and  draw  E  G  and  FH,  With  the  compasses  set  to  a  radius 
of  If"  and  from  a  point  on  the  center  line  ;;/ ;/,  describe  the 
arc  representing  the  chamfering  of  the  head.  Draw  the 
plan  of  the  head  LKBA  (a  square  whose  edge  meas- 
ures If"),  and  the  dotted  circle  |"  in  diameter,  the  pro- 
jection of  the  body  of  the  bolt,  which  cannot  be  seen  in 
this  view. 

Fig.  10  shows  a  distance  piece  used  to  separate  two 
other  parts,  and  to  keep  them  a  certain  distance  apart. 
The  arrangement  of  the  views  of  this  figure  is  somewhat 
different  from  the  preceding  ones,  in  order  to  make  room 
for  it  on  the  drawing.  Draw  the  center  line  ;/ ;;/,  and  con- 
struct the  figure  according  to  the  dimensions  marked  on 
the  plate.  Use  a  radius  of  ^"  for  the  fillets  at  A,  B^  C, 
and  Dy  and  an  equal  radius  to  round  the  corners  at  -£, 
F,  G,  and  //. 

Fig.  11  shows  a  square  cast-iron  washer.  Instead  of 
making  an  elevation  and  plan  as  usual,  a  section  is  taken 
through  /^;  that  is,  the  washer  is  imagined  to  be  cut  on  the 
line/^,  with  all  that  part  of  the  figure  to  the  left  oi  p  q 
removed,  and  an  elevation  drawn  of  the  remaining  part.  In 
order  to  distinguish  a  sectional  drawing  without  any  possi- 
bility of  mistake,  the  so-called  section  lines  are  employed. 
These  are  usually  drawn  by  laying  a  45°  triangle  against  the 
edge  of  the  T  square,  and  drawing  a  series  of  parallel  lines 
as  nearly  equally  distant  apart  as  can  be  judged  by  the  eye. 
For  cast  iron,  these  lines  are  full,  thin  lines,  all  of  the  same 
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thickness,  and  must  not  be  drawn  too  near  together.  The 
method  of  sectioning  for  other  materials  will  be  given  later 
on.  It  is  not  usual  to  draw  the  section  lines  in  pencil,  but 
to  wait  until  the  outlines  of  the  drawing  have  been  inked  in, 
and  then  section  directly  with  the  drawing  pen.  The  short- 
est distance  apart  of  the  section  lines  should  rarely  be  less 
than  ^y,  unless  the  drawing  is  of  such  small  dimensions  as 
to  cause  a  sectioning  of  this  width  to  look  coarse.  This  is 
the  case  with  Figs.  11  and  12  of  this  plate.  In  these  two 
figures  make  the  section^  lines  a  full  -j^y"  apart.  Only  that 
part  of  the  figure  is  sectioned  which  is  touched  by  the  cut- 
ting plane,  the  rest  of  the  figure  being  drawn  as  if  it  were 
projected  upon  the  cutting  plane.  The  corners  of  this 
figure  should  be  rounded  with  a  radius  of  -j^";  the  other 
dimensions  can  be  obtained  from  the  plate. 

Fig.  12  is  a  east-Iron  cylindrical  ring:.  It  is  shown 
in  plan  and  section.  The  dimensions  given  suffice  for 
the  drawing  of  the  figure  without  further  explanations. 
The  inner  circle  of  plan  is  the  projection  of  the  inner- 
most points  of  the  ring  which  form  a  circle  whose  diameter 
is  A  B. 

4t4t.  When  inking  in  a  drawing,  it  is  generally  best  to 
draw  the  circles  and  other  curved  lines  first,  and  the  straight 
lines  afterwards.  This  enables  the  draftsman  to  easily  blend 
into  one  line  the  straight  lines  meeting  the  curves,  so  that 
their  points  of  meeting  cannot  be  detected;  it  enables  the 
tangent  lines  to  be  drawn  with  better  success,  and  also 
shortens  the  time  of  inking  in  a  drawing.  It  will  be  noticed 
that  some  of  the  straight  lines  are  heavy  and  some  light, 
and  that  parts  of  the  full-line  circles  are  heavy  and  the  rest 
of  the  circle  light.  These  are  the  shade  lines;  they  are 
described  later  on.  The  student  may  make  all  of  the  full 
lines  except  the  border  lines  of  this  plate,  and  the  three  fol- 
lowing plates,  of  the  same  thickness,  if  he  so  desires.  The 
dotted  lines  used  to  indicate  those  parts  of  the  figures  that 
are  hidden  must  be  of  the  same  thickness  as  full  lines,  while 
the  construction  lines  and  center  lines  should  be  very  thin 
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46.     Dimensions. — The  dimension  lines  and  figures  on 
this  and  succeeding  plates  are  to  be  inked  in  by  the  student. 

Make     the     dimension 

figures  -^"  high,  and  of 

^UC^  4 /^^,    the  same  style  as  those 

--A--/^r-/----'^^'    shown      in     Art.     20, 

Fractions  should  be  ^" 


r 


3 
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high  over  all.  If  there 
is  not  room  for  figures 
of  this  size,  great  care 
should  be  taken  to  make 
them  clear. 

Until  after  the  student  has  obtained  sufficient  practice  in 
lettering,  he  should  draw  guide  lines  in  pencil  for  the  dimen- 
sion figures,  as  in  Fig.  69,  unless  he  can  make  them  look 
well  without.  All  the  figures  should  have  the  same  slant  of 
60°,  and,  when  printing  fractional  dimensions,  the  wliole 
fraction  should  have  the  same  slant  as  the  figures;  that  is, 
the  denominator  should  be  under  the  nw\xi^X2Xox  m^  slanting 
direction,  and  not  straight  below  it.  Make  the  dividing 
line  between  the  numerator  and  denominator  horizontal, 
not  slanting. 

Dimension  and  extension  lines  must  be  light,  broken  lines 
of  the  same  thickness  as  the  center  and  construction  lines. 
Care  should  be  exercised  to 
make  the  arrowheads  as  neatly 
as  possible  and  of  a  uniform 
size.  They  are  made  with  a 
Gillott's  No.  303  pen,  and  their 
points  must  touch  the  exten- 
sion lines,  as  illustrated  in  Fig.  70.  Do  not  make  arrow- 
heads too  flaring. 

When  putting  in  the  dimensions,  care  should  be  taken  to 
give  all  that  would  be  needed  to  make  the  piece  which  the 
drawing  represents,  but  do  not  repeat  the  same  dimension 
on  different  views.  Thus,  in  Fig.  1  of  this  plate,  the  length 
is  given  in  the  front  elevation  as  2",  and  it  is  obviously 
unnecessary  to  give  the  same  dimension  in  the  side  elevation. 


Bight 


•         'Wrong ^ 


Fig.  70 


§18  GEOMETRICAL  DRAWING  61 

Again,  the  dimension  lines  should  be  put  where  they  would 
be  most  likely  to  be  looked  for.  In  Fig.  10  of  this  plate, 
the  diameter  of  the  central  part  of  the  distance  piece  is 
marked  1:^"  in  the  elevation:  it  could  have  been  marked 
on  the  side  elevation,  as  the  diameter  of  the  dotted  circle, 
but  a  person  wishing  to  find  the  size  of  this  part  of  the  piece 
would  naturally  look  for  it  in  the  front  elevation.  This  is 
also  true  of  the  diameter  of  the  flange.  The  diameter  of 
the  hole  could  be  on  the  plan  or  elevation,  but  it  is  put 
on  the  plan  because  it  is  denoted  there  by  a  full  line,  while  in 
the  elevation  the  hole  is  dotted.  Never  cross  one  dimension 
line  by  another,  if  it  can  well  be  avoided.  Thus,  in  Figs.  2 
and  4  of  this  plate,  the  bounding  lines  of  the  triangular 
views  are  extended  by  fine  broken  lines,  in  order  that  the 
dimension  lines  (J")  may  not  cross  the  lines  marking  the 
length  and  width  of  the  wedge. 

The  student  should  ink  in  all  the  figures  used  for  dimen- 
sions shown  on  this  and  succeeding  plates,  on  his  drawing, 
but  should  omit  the  letters  used  to  describe  the  different 
objects.  The  titles  should  be  made  in  block  letters  as 
shown  on  sample  copies.  The  date,  name,  course  letter, 
and  class  number  are  to  be  put  on  as  in  the  preceding 
plates. 


DRAWING  PliATE,  TITIiE:    PROJECTIONS— II 

46.  The  figures  on  the  last  plate  were  drawn  under  the 
supposition  that  the  center  lines,  and  at  least  one  flat  side, 
were  parallel  to  the  plane  of  the  paper — the  center  lines 
were  also  either  vertical  or  horizontal.  This  is  always  pos- 
sible in  detail  drawings,  where  each  piece  is  drawn  sep- 
arately by  itself,  but  in  the  case  of  machines,  where  the 
parts  are  placed  at  different  angles,  they  cannot  always 
be  drawn  in  this  manner.  The  figures  on  this  plate  are 
so  drawn  that  they  show  objects  similar  to  those  in  the 
last  plate,  but  at  different  angles.  The  student  should 
exercise  particular  care  to  understand  this  plate  and  the 
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projection  or  front  elevation  of  the  prism.  The  method  of 
drawing  the  plan  and  side  elevation  is  apparent  without 
further  explanation. 

Fig.  3  is  the  same  prlsiu  shown  in  Figs.  1  and  2,  but  with 
the  narrow  sides  parallel  to  the  plane  of  the  paper,  and  tipped 
until  the  base  makes  an  angle  of  17^°  with  the  horizontal. 
The  sizes  are  the  same  as  in  the  two  preceding  figures,  and 
it  should  be  drawn  without  further  explanation,  the  front 
elevation  being  drawn  first. 

Fig.  4  shows  a  liexagronal  prism  having  two  of  its  par- 
allel sides  parallel  to  the  plane  of  the  paper,  and  its  axis 
vertical ;  instead  of  a  side  elevation  at  right  angles  to  the 
horizontal,  a  side  elevation  is  desired,  as  if  the  vertical  prism 
were  looked  at  in  the  direction  of  the  arrow,  or  at  an  angle 
of  30°  with  the  horizontal.  Draw  the  plan  first  and  then  the 
front  elevation  from  the  dimensions  given.  To  draw  the 
other  view,  first  draw  the  center  line  ;;/ ;/,  and  then,  by  use 
of  the  T  square  and  30''  triangle,  draw  the  lines  A  B,  CD,  £  F, 
and  G  //,  from  the  points  A,  C,  E,  and  G,  as  shown.  Also 
draw  in  a  similar  manner  the  other  four  dotted  lines  at  the 
base  of  the  prism;  then  draw  the  line  IB  at  a  right  angle  to 
the  lines  A  B,  CD,  etc.  At  the  point  /,  draw  the  line  I J 
parallel  to  the  center  line  ;// «,  and,  with  /as  a  center,  and  the 
points  B,  D,  F,  H,  K,  Z,  etc.  as  radii  describe  arcs,  as  shown, 
cutting  the  vertical  line  I  J  at  the  points  J,  M,  N,  O,  P,  Q, 
etc.  Through  the  points/,  M,  N,  O,  P,  Q,  etc.  draw  hori- 
zontal lines  as  shown.  On  each  side  of  the  vertical  center 
line  ;;/«,  lay  off  a  distance  of  f",  or  one-half  the  distance 
between  the  parallel  sides  of  the  prism,  which  is  1|",  as 
shown  in  the  plan,  and  draw  the  lines  ^5  and  T  U,  This 
view  is  then  completed  by  drawing  the  lines  V R,  V  T,  W X, 
and  YX,  as  shown.  The  lines  at  the  base  are  drawn  in  a 
similar  manner. 

Fig.  5  represents  a  liexa^onal  pyramid  whose  axis  is 
parallel  to  the  plane  of  the  paper,  the  base  making  an  angle 
of  30°  with  the  horizontal.  It  is  desired  to  find  the  vertical 
projection  of  the  side  elevation.  Having  drawn  the  plan 
A  B  CD  FF  and  the  side  elevation   (?'^'Z)'' 6*77,  as  shown 
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from  the  dimensions  marked  on  the  drawing,  choose  the 
position  of  the  vertical  center  line  tv\  project  O'  and  O"* 
upon  it  in  the  points  O"  and  (9^^,  and,  through  (9'^  and  0"\ 
draw  a  fourth  center  line  rs.  On  this,  lay  off  (9'^G^'and 
O^"^  H'  equal  to  O  G  and  O  H^  and  construct  the  projec- 
tion A"  B"  C  D"  E"  F\  as  indicated  by  the  broken  and 
dotted  lines.  Join  O"  E\  O"  F\  etc.  by  straight  lines,  and 
it  will  be  the  required  projection.  The  figure  thus  drawn 
represents  the  pyramid  as  it  would  appear-  placed  so  that 
its  base  made  an  angle  of  30°  with  the  horizon,  the  line  of 
vision  being  horizontal  to  the  observer  looking  at  it  from 
the  left  side. 

Fig.  6  shows  a  cylinder  whose  axis  is  parallel  to  the  plane 
of  the  paper  and  makes  an  angle  of  77°  with  the  horizontal. 
The  vertical  side  projection  is  required.  Draw  the  plan  and 
front  projection  as  shown  from  the  dimensions  given.  Draw 
the  center  line  /  v  vertical,  and  project  the  center  O'  upon 
it  in  O" ;  also,  A'  in  A'\  and  H'  in  H".  To  find  the  remain- 
ing points  on  the  projected  circle,  divide  the  diameter  A  H 
of  the  plan  into  a  convenient  number  of  equal  parts,  in  this 
case  7,  as  A  i,  1-2^  2-3,  etc.  Through  the  points  thus  laid 
off,  draw  the  lines  1-1'\  2-2",  3-S'\  etc.,  parallel  to  the  cen- 
ter line  mn.  Through  the  points  A',  l'\  2'\  3'\  etc.,  draw 
the  horizontal  lines  as  shown  by  the  dotted  lines.  From  and 
on  each  side  of  the  vertical  center  line  /  v,  lay  off  distances 
on  each  side  of  the  horizontal  lines  just  drawn  equal  to  the 
length  of  that  part  of  the  lines  1-1'\  2-2",  3-S",  etc.  included 
between  the  center  line/^  and  the  semicircle^  CH;  thus, 
on  the  horizontal  line  drawn  through  the  point  0\  the  dis- 
tances O'  C'  and  0"B"  are  each  equal  to  O  C  in  the  plan. 
The  distances  P"^-!"'  and  i^v.^v  ^re  each  equal  to  the  dis- 
tance from  1  to  the  point  of  intersection  of  the  semicircle  on 
the  line  1-1".  The  remaining  distances  are  laid  off  in  a 
similar  manner.  A  curve  traced  through  the  points  thus 
found  will  be  the  required  projection  of  the  upper  base  of 
the  cylinder.  The  projection  of  the  lower  base  is  found  in 
exactly  the  same  way.  Drawing  C"£'  and  D"F'  completes 
the  required  projection. 
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DRAAV^NG  PL.AT1C,  TITIiE:    CONIC  SECTIONS 

47.  This  plate  shows  the  different  forms  of  the  curves 
formed  by  the  intersection  of  a  cone  or  cylinder  by  a  plane. 
If  the  plane  of  intersection  is  perpendicular  to  the  axis  of 
the  cone  or  cylinder,  the  curve  of  the  intersection  will  be  a 
circle;  but  if  it  is  inclined  to  the  axis,  it  will  be  an  ellipse 
in  the  case  of  a  cylinder,  and  an  ellipse,  hyperbola,  or  parab- 
ola in  the  case  of  a  cone,  according  to  the  angle  of  inclination. 

Fig.  1  is  a  cone  cut  by  a  piano  which  does  not  intersect 
the  base  of  the  cone.  W/ien  the  cutting  plane  does  not  inter* 
sect  the  base,  or  the  base  of  the  cone  extended,  the  curve  of 
intersection  is  an  ellli>se. 

Draw  the  plan  and  front  elevation  of  a  right  cone  whose 
altitude  is  3f  inches  and  whose  base  is  3  inches  in  diameter. 
Cut  this  cone  by  a  plane  ab^  making  an  angle  of  52**  with 
the  base.     See  figure. 

Divide  the  circle  which  represents  the  base  of  the  cone  in 
the  plan  into  any  number  of  parts,  in  this  case  24,  and, 
through  the  points  of  division  A^  if,  //",  etc.,  draw  the 
radii  O  A,  O  /i",  O  II,  etc.  to  the  center  O.  Draw  also  from 
these  points  straight  lines  A  A\  E E\  H H\  B B\  etc.,  par- 
allel to  the  axis  of  the  cone  (7';;,  and  cutting  the  base  A' B* 
in  the  points  E\  H\  etc.  From  these  points,  draw  lines  to 
the  apex  O'  of  the  cone,  and  cutting  the  base  A'  B'  in 
points  E\  II\  etc.  From  these  points,  draw  lines  to  the 
apex  O'  of  the  cone,  as  E'0\  H'0\  etc.,  cutting  the  plane  ab 
in  the  points  D\  F ,  etc.  From  these  points  D\  F,  etc., 
draw  straight  lines  F'FF\  D' D D'\  etc.,  parallel  to  the 
axis  O'n  of  the  cone,  and  intersecting  the  radii  O  A^  O E^ 
OH,  OB,  etc.,  in  the  points  C,  D,  F,  K,  F\  D",  etc.,  and 
through  these  points  of  -intersection  draw  the  ellipse  by  aid 
of  an  irregular  curve. 

Fig.  2  is  a  cone  of  the  same  size  as  in  the  preceding  prob- 
lem; but  the  cutting  plane  a  b  is,  in  this  case,  parallel  to  one 
of  the  elements*  of  the  cone,  and  intersects  the  base.     The 


*Any  straight  line  drawn  on  the  surface  of  a'cone  and  passing  throngh 
the  apex  (as  0'H\  Fig.  1,  or  O' A\  Fig.  2,  etc.)  is  called  an  element. 

C.    IV.— 6 
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'  cuiye  formed  by  the  intersection  of  a  cone  by  a  plane  parallel 
•  to  one  of  its  elements  is  called  a  parabola.  The  plan  and 
front  elevations  of  the  cone  and  curve  of  intersection  are 
found  in  a  manner  similar  to  the  method  used  in  the  last 
problem.  To  find  the  side  elevation,  proceed  as  follows: 
Draw  the  side  elevation  0"A"B"  of  the  cone  with  the  center 
line  /  z/ as  its  axis.  Draw  the  projection  lines  F'P^'F^^^ 
D'D'"D''',  etc.,  and  make  K'F'"  and  K'F'''  equal  to  K F 
and  KF'^x  make  I'D"'  and  I'D'''  equal  to  /i)  and  ID", 
etc.,  and  trace  a  curve  through  the  points  thus  found.  The 
result  will  be  the  side  elevation  of  the  cone  when  cut  by  a 
plane  parallel  to  one  of  its  elements  and  having  the  upper 
part  removed.  The  side  elevation  of  Fig.  1  may  be  drawn 
in  a  similar  manner. 

Fig.  3  is  a  cone  having  the  same  dimensions  as  the  two 
preceding  problems,  but  cut  by  a  plane  a  b  parallel  to  the  axis 
of  the  cone  and  perpendicular  to  the  vertical  plane  of  pro- 
jection. When  the  cutting  plane  intersects  the  base  of  a 
cone  and  is  not  parallel  to  any  element  (that  is,  if  the  acute 
angle  included  between  the  cutting  plane  and  the  base  is 
greater  than  the  angle  O' A' B'  included  between  any  one 
element  and  the  base),  the  curve  of  intersection  is  called  a 
hyperbola. 

The  plan  and  front  elevation  are  constructed  as  before,  the 
horizontal  projection  of  the  curve  for  this  particular  case, 
where  the  cutting  plane  is  parallel  to  the  axis  of  the  cone,  is 
also  a  straight  line.  The  side  elevation  is  found  as  in  the 
last  problem,  by  drawing  the  lines  of  projection  p'p"'p^^^ 
D'D"'D''',  etc.,  and  making  /'Z^'"  and  /'v9'^  equal  to  I D 
and  ID'\  K'F"  and  K'F''\  equal  to  //^and  IF'\  etc.  The 
curve  drawn  through  the  points  thus  found  will  be  the 
required  hyperbola. 

Fig.  4  shows  the  Intersection  of  a  cylinder,  3f"  long 
and  2"  in  diameter,  by  a  plane  ab,  making  an  angle  of  57^ 
with  the  base.  The  plan  and  elevation  may  be  drawn  as 
Bhown,  the  horizontal  projection  of  the  curve  being  a  circle, 
having  the  same  diameter  as  the  base.  To  construct  the 
side  elevation  of  the  curve,  divide  the  circle  representing  the 
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base  of  the  cylinder  in  the  plan  into  any  number  of  parts,  in 
this  case  24,  and  through  the  points  of  division  A,  B^  C,  etc. 
draw  the  radii  OA^OB,  O  C,  etc.  to  the  center  O,  Draw 
also  from  these  points  straight  lines  AA,LBB\  K  C  C\ 
I D  D\  etc.  parallel  to  the  axis  ;// ;/  of  the  cylinder,  and  cut- 
ting the  base  in  the  elevation.  From  the  points  A^  B\  C\ 
D\  etc.  draw  lines  U E\  CF^  B'G\  etc.  at  right  angles  to 
the  axis  inn.  Make  I'E  and  /'-£"' each  equal  to  ID\  K'F 
and  K'F'  each  equal  to  KC\  L'G  and  IJG'  each  equal 
to  L  B,  etc.  The  curve  drawn  through  these  points  will 
be  the  side  projection,  or  side  elevation,  of  the  curve  of 
intersection. 

DRAWING  PliATE,  TITX.E:    INTERSECTIONS  ANI> 

DEVEI.OPMEN18 

48.  On  this  plate  some  dimensions  are  given  in  decimal 
fractions  instead  of  common  fractions.  Such  decimal  dimen- 
sions should  be  laid  off  with  a  decimal  scale,  if  the  student 
has  one.  A  decimal  scale  is  a  scale  with  inches  divided  into 
tenths,  hundredths,  etc.  If  the  student  has  no  decimal  scale 
(and  such  a  scale  is  not  essential),  he  should  take  the  nearest 
value  of  the  decimal  fraction  in  thirty-seconds  of  an  inch. 

To  change  a  decimal  fraction  to  a  common  fraction,  having 
a  desired  denominator,  multiply  the  decimal  by  the  desired 
denominator  of  the  common  fraction,  and  express  the  result 
as  a  whole  number,  which  whole  number  will  be  the  numera- 
tor  of  the  fraction. 

Thus,  to  express  .765"  in  fourths,  we  have  .705  X  4  =  3.06 
fourths  =  say,  J''.  To  express  .765"  in  sixteenths,  we  have 
.T(')5  X  16  =  lt>.24  sixteenths  =  say,  [|".  To  express  .765" 
in  thiity-seconds,  we  have  .765  X  32  =  24.48  thirty-seconds 

—  ^*iy>  3  2  • 
The  length  of  the  circumference  of  a  circle  =  the  diameter 

X  3.1416;  hence. 

The  length  of  circumference  of  a  circle  whose  diameter  is 

If"  =  3.1416  X  12"  =  4.32"  =  4A". 

The  length  of  circumference  of  a  circle  whose  diameter  is 

If  =  3.1416  X  li"  =  4.71"  =  4y. 
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The  length  of  circumference  of  a  circle  whose  diameter  is 

li"  =  3.1416  X  li"  =  3.93"  =  3fr. 
The  length  of  circumference  of  a  circle  whose  diameter  is 

1^"  =  3.1416  X  IjV'  =  ^'^"' 
4.9"  -^  2  =  2.45"  =  2^y  (see  Fig.  10). 

49,  This  plate  deals  with  the  intersection  of  surfaces  and 
their  development.  Fig.  1  shows  the  intersection  of  two 
unequal  cylindrical  surfaces  whose  axes  /  q  and  ;;/  n 
intersect  at  right  angles.  Their  dimensions  are  given  in  the 
figure.  For  the  sake  of  convenience,  a  bottom  view  is  given, 
instead  of  a  top  view,  as  usual.  First  draw  the  front  elevation, 
omitting,  of  course,  the  curve  of  intersection  E  Q  G  D  C  B  A, 
which  must  be  found.  Then  draw  the  side  elevation  and 
the  bottom  view,  as  shown.  Divide  the  circle  which  repre- 
sents the  side  projection  of  the  cylindrical  surface  F E  A  1 
into  any  convenient  number  of  parts,  in  this  case  12,  and 
draw  the  projection  lines  7  E,  6Q^5G,^D,SC,2B,  and  i^ 
parallel  to  the  axis/^.  Also  draw  the  projection  lines -^--^', 
3-3\  2-2\  1-1' y  etc.  parallel  to  the  axis  /  v.  Choose  a  con- 
venient point  (?,  and  through  it  draw  two  lines  O / and  OK 
parallel  to  the  axes  pq  and  7/in  of  the  cylinders.  Continue 
the  lines  4--4',  •^-^',  etc.  downwards,  until  they  cut  O  I  in  8, 
7,  6,  5,  etc.  Now  make  O  8'  =  O  8,  O  7'  =  O  7,  etc.  ;  this 
may  be  most  conveniently  done  by  taking  (7  as  a  center,  and 
describing  arcs  of  circles  with  radii  equal  to  O  8,  0  7,  O  6, 
etc.,  cutting  OK  in  8\  7',  6\  etc.  Through  8\  7',  6\  etc., 
draw  the  lines  8'D\  7'C\  6' B\  etc.  parallel  to  the  center 
line  r  s.  Through  the  points  Z^',  C,  i^',  and  A\  draw  the 
lines  jy D,  C'(t,  and  B'Q,  parallel  to  the  center  line  ;;/ ;/,  and 
intersecting  the  lines  Jf.  D,  5  G,  6  Q,  S  C,  and  2  B  in  the 
points  Dy  Gy  Qy  etc.  The  curve  traced  through  these  points 
will  be  the  front  elevation  of  the  curve  of  intersection  of  the 
two  cylindrical  surfaces. 

Fig.  2  shows  the  intersection  of  two  equal  cylindrical 
surfaces  at  right  angles  to  each  other,  as  in  the  case  of  a 
pipe  elbow.  When  two  cylinders  having  equal  dJa meters 
tnterseet,  and  their  axes  also  intersect ^  the  front  elevation  of 
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the  curve  of  intersection  is  always  a  straight  line,  no  matter 
what  angle  the  two  axes  make  with  each  other. 

Fig.  3  shows  a  symmetrical  three-Join tecl  elbow  formed 
by  the  intersection  of  three  cylindrical  surfaces.  The  diam- 
eter of  each  of  the  three  surfaces  is  U".  The  center  lines 
of  the  surfaces  RA  GS  and  M  N  P H  zx^  to  be  at  right 
angles  to  each  other;  then,  in  order  that  the  arrangement 
shall  be  symmetrical,  the  center  line  of  the  third  surface 
A  M  H  G  must  make  an  angle  of  45°  with  the  center  lines 
of  the  other  two. 

To  construct  the  elevation  as  shown  in  the  figure,  draw 
the  two  center  lines  ;;/ ;/  and  /^  at  right  angles  to  each 
other;  they  intersect  at  6,  Lay  off  6  I  =  \\"  and  draw  an 
indefinite  line  R  S  through  /  perpendicular  to  /;/ ;/.  Make 
I R  equal  to  IS  =  14  x  \  —  J",  and  draw  RA  and  w9  G  par- 
allel to  inn.  Draw  (?A^  parallel  to  ;;///  and  H"  below  it. 
Through  the  point  O,  where  A^  5  and  O  K  intersect,  draw 
O  T passing  through  6>,  and  bisect  the  angle  RO  T  hy  the 
line  O  A^  which  intersects  RA  and  S  G  m  A  and  G.  Lay 
of[  6  /  =  2^"  and  draw  PJN  perpendicular  to  pq.  Make 
//^  =  /A^=l^Xi  =  *",  and  draw  PH  and  N M  parallel 
to  p  q.  Draw  OM  so  as  to  bisect  the  angle  T  O  K\ 
O M  intersects  /^//and  N M  in  //and  J/.  Finally,  draw 
A  M  and  G  //. 

Fig.  4  shows  the  intersection  of  two  unequal  cylin- 
drical surfaces  whose  axes  intersect  at  an  angle  of  65° 
instead  of  90°,  as  in  Fig.  1.  The  method  of  finding  the 
curve  of  intersection  is  in  all  respects  similar  to  that  used 
in  Fig.  1,  and,  as  the  corresponding  points  have  been  given 
the  same  letters  or  figures,  the  directions  given  for  Fig.  1 
can  be  applied  to  Fig.  4  also. 

Fig.  5  shows  a  cylindrical  piece  of  Iron  2f|"  in  diam- 
eter that  has  been  gradually  turned  down  to  ly^'  diameter, 
and  then  having  the  larger  part  flattened  on  two  sides. 
The  large  and  small  parts  of  the  piece  are  connected  by  a 
graceful  curve.  The  problem  is  to  find  the  curve  of  inter- 
section A  123 B  formed  by  the  flattening.  Draw  the  plan 
and  front  elevation  from  the  dimensions  given;  also  draw 
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the  curve  C  6'  6'  Jf ,  and  its  equal  on  the  opposite  side,  sc 
that  they  look  to  the  eye  about  as  seen  in  the  drawing.  In 
order  that  all  the  work  sent  to  us  may  be  alike,  the  radius 
of  this  curve  and  the  position  of  the  center  have  been  given 
on  the  drawing.  To  locate  the  center,  draw  an  indefinite 
horizontal  straight  line  1"  +  1^"  =  2^"  above  the  base  of 
the  piece;  and  with  C  and  D  as  centers,  and  a  radius  of  1^", 
describe  short  arcs  cutting  the  line  just  drawn.  The  points 
of  intersection  will  be  the  required  centers.  With  C^  as  a 
center,  and  radii  of  convenient  lengths,  as  (?4»  05^  06,  etc., 
describe  arcs  cutting  A' B'  in  3\  2\  1\  etc.  Through  the 
points  Jf,  5,  6*,  etc.  draw  the  lines  4-Jf.\  5-5\  6-6',  etc.,  par- 
allel to  the  center  line  ;//  //,  and  intersecting  the  curve  C  j^'  in 
4\5\  6\  C,  etc.  Through  the  points  vi',  1\  2',  etc.  draw 
lines  A' A,  I'-l,  2' -2,  etc.,  parallel  to  ;//;/,  intersecting  hori- 
zontal lines  drawn  through  C,  6",  5\  4',  etc.,  in  A,  1,  2,  3,  etc. 
The  points  A,  1,  2,  3,  etc.  are  points  on  the  required  curve, 
and  through  them  the  curve  may  be  drawn. 

Fig;  6  is  the  cylindrical  surface  of  one  section  of  the 
elbow  17  A  G  oi  Fig.  2  rolled  out  into  a  flat  plate ;  hence,  if 
a  flat  plate  were  cut  into  the  same  shape  and  size  as  Fig.  6 
and  bent  into  a  cylinder  so  that  the  ends  1  G'  and  I'G'* 
touch  each  other,  the  vertical  projection  or  front  elevation 
would  be  the  same  as  shown  hy  17  A  G  in  Fig.  2.  If  a 
second  plate  were  cut  out  in  the  same  manner  and  bent  into 
a  circle,  the  two  pieces  on  being  brought  together,  as  shown 
in  Fig.  2,  would  touch  at  every  point.  The  problem  is  to 
find  the  shape  of  the  curve  G'  A'  G".  The  length  of  the 
line  1-1'  is  evidently  equal  to  the  length  of  the  circumfer- 
ence of  a  circle  whose  diameter  is  1|",  or  4.32",  very  nearly. 
Produce  the  line  1-7,  Fig.  2,  and  make  l-V  equal  in  length 
to  4.32".  Divide  the  circle  123..,. 12  into  a  convenient 
number  of  equal  parts,  in  this  case  12,  and  erect  the  per- 
pendiculars 1  G,  2  F,  3 E,  etc.,  cutting  the  line  of  intersec- 
tion G  A  of  the  cylindrical  surfaces  in  (7,  F^  F,  etc.  Divide 
the  line  1-1'  into  the  same  number  of  equal  parts  that  the 
circle  was  divided  into,  thus  makinj:^  the  length  1-2  equal 
length  of  arc  1-2  \  2-3,  length  of  arc  2-3,  etc.     Through  i, 


§  13  ^  GEOMETRICAL  DRAWING  71 

^,  5,  etc.,  draw  the  perpendiculars  1  G\  2 F,  3li\  etc.  and 
project  the  points  G,  7%  /i,  etc.  upon  these  perpendiculars, 
as  shown,  thus  locating  the  points  G\  P,  E\  D\  C\  B\  A* 
of  the  left-hand  half  of  the  required  curve.  The  points  on 
the  right-hand  half  are  found  in  the  same  manner,  as  shown, 
and  the  required  curve  can  be  drawn  through  these  points. 

60.     A  drawing  like  Fig.  6  is  called  the  development 

of  the  cylindrical  surface  17  A  G. 

Fig.  7  is  the  development  of  the  cylindrical  surface 

A  G  H M  of  Fig.  3.  Make  i-/ =  \\  x  3.1416  =  4.71", 
neaily,  and  divide  it  into  12  equal  parts  to  correspond  with^ 
the  12  equal  parts  into  which  the  dotted  circle  is  divided. 
Project  the  points  ^,  5,  eto.  of  the  dotted  circle  upon  O  A  sls 
shown,  thus  locating  the  points  B^  Cy  etc.  Through  B,  C, 
etc.,  draw  BS,  C5,  etc.,  perpendicular  to  O  T,  Make  1  G* 
=  1  G'"  ^  1G,2  F  =2  F'"  =  2  FyS  E'  =z3  E"  =  3  E,  etc. 
Through  G\  F\  E\  etc. ,  trace  the  curve  G'  F'  E' . . , .  G'\  and, 
through  G"\  F"\  E"\  etc.,  trace  the  curve  G'"  F'" E'" . . . . 
C^^.     Drawing  G'  G"  and  C"  G^^  completes  the  figure. 

Fig.  8  is  the  development  of  the  cylindrical  surface  1 F E  Ay 
Fig.  1.  The  method  used  here  is  in  all  respects  similar  to 
the  two  preceding  problems.  In  this  case,  the  distances 
lAy  7  Ey  and  1'  A'  are  all  equal  to  1 A  or  E Fy  in  Fig.  1; 
and  'ZBy  6  Qy  8  Q y  and  12  B'  are  all  equal  to  2  B  or  6  Qy  in 
Fig.  1.  The  development  of  LMPNis  not  given,  for  want 
of  room,  but  the  method  will  be  explained  in  Fig.  10. 

Fig.  9  is  the  development  of  the  cylindrical  surface 
1  FEAy  Fig.  4.  The  student  should  have  no  difficulty  in 
drawing  this,  after  having  studied  the  preceding  problems. 

Fig.  10  is  the  development  of  the  cylindrical  surface 
LMPNy  Fig.  4.  Owing  to  the  want  of  room,  only  that 
half  of  the  development  is  shown  which  contains  the  part  to 
be  cut  out.  The  length  of  a  circle  ly^^"  in  diameter  is  4.9", 
nearly;  half  of  this  is  2.45".  Hence,  the  line  Y'Vy 
Fig.  10,  which  equals  the  length  of  the  semicircle  Y'A'V'y 
Fig.  4,  is  2.45"  long.  The  distance  X' V  =  X"  V"  equals 
the  length  of  the  cylinder,  LN or  MP.     Lay  off  X'S  equal 
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to  the  length  of  the  arc  T D'  \  57^  equal  to  the  arc  nC\ 
Ti^iV  equal  to  the  arc  C B' \  A^ J/ equal  to  the  arc  B' A\  etc. 
Find  the  lengths  of  these  arcs  by  means  of  the  method 
given  in  connection  with  Fig.  49.  Draw  through  these 
points  the  perpendiculars  S  S\  RR\  etc.  With  the  spa- 
cing dividers,  set  off  S D^  equal  to  SD  in  Fig.  4;  ^C, 
equal  to  R  G;  N Q^  equal  to  N Q\  and  M E^  equal  to  ME, 
Also,  RC^  equal  to  R'C\  N'B^  equal  to  N'B;  and  M'A^ 
equal  to  PA.  In  exactly  the  same  manner,  find  the  points 
on  the  right-hand  half  of  the  curve.  If  a  plate  were  cut 
of  the  same  size  and  shape  as  shown  in  Fig.  10,  and 
rolled  into  a  semicylindrical  surface,  the  diameter  of  which 
is  1VV"»  it  would  exactly  fit  the  plate  cut  like  Fig.  9  rolled 
into  a  cylindrical  surface,  the  diameter  of  which  is  1\'\  the 
two  being  placed  together  as  shown  in  Fig.  4. 

Fig.  11  shows  a  conical  surface  cut  by  a  plane,  and 
Fig.  12  shows  its  development.  Draw  the  elevation  and 
horizontal  projection  of  the  base  as  shown  in  Fig.  11. 
Divide  the  projected  circle  (base  of  cone)  into  a  convenient 
number  of  equal  parts,  in  this  case  12,  and  project  the 
points  1,  2^  3,  etc.  on  the  base  l'-7\  thus  locating  the 
points  i',  2',  S\  etc.  Join  these  points  with  the  apex  O  of 
the  cone,  by  the  lines  Ol'y  O 2\  0S\  etc.,  cutting  the 
plane  in  A^  B,  C\  etc.  Now,  choose  a  convenient  point  O^ 
Fig.  12,  and  with  this  as  a  center,  and  a  radius  equal 
to  0 1\  or  O  7\  Fig.  11,  the  slant  height  of  the  cone, 
describe  an  arc  l-T  of  a  circle.  Make  the  length  of  this 
arc  equal  to  the  length  of.  the  circumference  of  a  circle 
having  the  same  diameter  as  the  base  of  the  cone.  This 
may  be  conveniently  done  as  follows:  length  of  arc  =  2 
X  3. 141G  =  G.28",  nearly.  Draw  a  straight  line  6.28"  long 
and  divide  it  into,  say,  4  equal  parts.  Describe  an  arc  hav- 
ing a  radius  equal  to  O  1\  the  slant  height  of  the  cone,  and 
find  the  length  of  a  part  of  this  arc  equal  to  0.28  -^  4 
=  1.5T"  by  means  of  the  nietiiod  described  in  connection 
with  Fig.  48.  With  the  dividers  set  for  the  chord  of  the 
arc  just  found,  space  ofT  the  chord  four  times  on  the  longer 
arc   12  S  .  . .  .  1\   Fig.    12.     Divide  the    arc    into    the  same 
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number  of  equal  parts  that  the  circle  1  2  3, . ,  ,12  has  been 
divided  into,  that  is,  12  parts.  Join  the  points  of  divi- 
sion i,  2,  3,  etc.  with  the  center  O  by  the  lines  01,  02,  03, 
etc.,  as  shown.  Project  the  points  B,  C,  D,  etc.,  Fig.  11, 
upon  O  1\  in  B^,  C,,  Z>,,  etc.,  as  shown,  and  lay  ofi  O  A  equal 
to  OA'  equal  to  OA,  Fig.  11;  O  B  equal  to  O  B'  equal  to 
OB^;  O  C  equal  to  O  C  equal  to  O  C^,  etc.,  and  through 
these  points  draw  the  curve.  A  plate  cut  of  the  same  size 
and  shape  as  shown  by  A  G  A'  1' 7  1  can  be  bent  into  the 
conical  surface  shown  by  the  elevation  A  G  7'  1'. 

Particular  attention  must  be  given  to  the  method  explained 
above  for  laying  out  the  curve  of  the  development  in  Fig.  12. 
It  would,  be  entirely  wrong  to  take  the  measurements  from 
the  lines  O  F,  O  E,  O  D,  O  C,  etc..  Fig.  11.  The  reason  for 
this  is  that  these  lines,  being  on  the  surface  of  the  cone,  are 
inclined  towards  the  observer,  and  so  do  not  appear  in  their 
true  lengths.  The  line  0  D^  for  example,  if  measured  on  the 
surface  of  the  cone  itself,  would  evidently  be  of  the  same 
length  as  the  line  O D^\  but  in  the  figure  it  is  much  shorter. 
The  line  O D^,  however,  appears  in  its  true  length  in  the  figure, 
because  it  is  not  inclined  to  the  observer  in  the  position  shown. 
The  actual  distance  of  point  D  from  the  apex  O,  therefore,  is 
O  D^,  which  is  the  distance  to  be  laid  off  for  point  D  in  the 
development.     The  same  holds  true  for  the  other  points. 


SHADE  lilNES 

51,  The  use  of  the  heavy  shade  line  will  now  be  ex- 
plained In  Fig.  71,  by  means  of  the  shade  lines,  the  drafts- 
man knows,  without  looking  at  any  other  view  of  the  object, 
that  the  rectangles  1  and  ^  represent  square  holes,  and 
2  and  S,  square  bosses.  When  he  looks  at  the  other  view, 
it  is  to  find  the  depth  of  the  holes  and  the  height  of  the 
bosses.  This  explains  the  use  of  the  shade  lines,  viz. :  to 
show,  from  that  view  of  the  drawing  which  is  being 
examined,  whether  the  part  looked  at  is  above  or  below 
the   plane  of   the   surface :   that  is,   for  example,   whether 
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Fig.  71 


the   rectangles   i,   2,   3,   and  4.  are  the  tops  of   bosses  or 
bottoms  of  holes,  and,  consequently,  whether  they  extend 

"  above  or  below  the  sur- 
face of  A  B DC,  In 
order  that  the  shading 
may  be  uniform  on  all 
drawings,  the  light  is 
assumed  to  come  in 
one  invariable  direc- 
tion, in  s^ich  a  man- 
ner as  to  be  parallel 
to  the  plane  of  the 
paper,  to  make  an 
angle  of  45°  with  all 
horizontal  and  verti- 
cal lines  of  the  draw- 
ing, and  to  come  from 
the  upper  left-hand  corner  of  the  drawing.  Each  view 
of  the  object  represented  is  shaded  independently  of  any 
of  the  others;  and,  when  shading,  the  object  is  always 
supposed  to  stand  in  such  a  position  that  the  drawing 
will  represent  a  top  view.  Any  surface  that  can  be  touched 
by  drawing  a  series  of  parallel  straight  lines,  making 
an  angle  of  45°  with  the  horizontal  and  vertical  lines  of 
the  drawing,  is  called  a  llglit  surface ;  a  surface  that 
cannot  be  touched  by  lines  having  this  angle  is  called  a 
dark  surface.  All  of  the  edges  caused  by  the  inter- 
section of  a  light  and  dark  surface,  or  two  dark  surfaces, 
are  usually  shaded;  that  is,  the  edges  thus  formed  are 
drawn  in  heavy  lines.  Exceptions  to  this  rule  are  some- 
times made  by  experienced  draftsmen,  when  a  rigid  adher- 
ence to  it  will  produce  a  bad  effect  or  will  render  the 
drawing  ambiguous. 

Fig.  72  shows  a  plan  of  a  series  of  triangular  wedges  radi- 
ating from  the  common  center  O.  The  top  is,  of  course,  a 
light  surface,  and,  in  order  to  determine  whether  the  per- 
pendicular surfaces  are  light  or  not,  the  45°  triangle  may  be 
used.     Take  the  wedge  R  O  A.     A  line  drawn  at  an  angle  of 
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iS",  the  direction  of  the  arrows,  would  strike  the  side  of 
which  O  A  is  the  edge;  hence,  this  side  is  a  light  surface, 

and  the  top  being  also 
a  light  surface,  the 
line  OA  must  be  light. 
OM,  on  the  contrary,  is 
a  heavy  line,  since  tlie 
Hght  cannot  strike  the 
side  of  which  0  R  is  the 
edge  without  passing 
through  the  wedge. 
Hence,  this  is  a  dark 
surface,  and  its  inter- 
section OR  with  the 
light  surface  O  A  A'  re- 
quires a  shaded  line. 
For  the  same  reason, 
AM  is  also  shaded. 
The  same  reasoning  as 

the  above  applies  to  the  lines  OB,  O D,  OG,  Of,  OK, 
and  OM;  also,  to  QN,  ML,  and  KJ.  CB  is  not  shaded, 
because  the  light  strikes  the  surface  of  which  CB  is  the 
edge,  as  shown  by  the  arrow,  making  C B  the  intersection 
of  two  light  surfaces,  f  A' makes  an  angle  of  exactly  45° 
with  the  horizontal,  and  is  treated  as  if  it  were  the  edge  of 
a  light  surface;  this  is  done  in  every  case  in  which  the  line 
considered  makes  an  angle  of  45"  with  the  horizontal. 

In  shading  holes,  or  any  parts  of  the  drawing  denoting 
depressions  below  the  surface  under  consideration,  a  slightly 
different  assumption  is  made.  Fig.  73  shows  the  plan  of  a 
square  block  with  a  hexagonal  hole  in  the  center.  If  the 
hght  passed  over  the  surface  //  B  CD,  parallel  to  the  plane, 
of  the  paper  as  previously  assumed,  all  the  inside  sur- 
fa<-es  woTild  be  dark,  and  the  entire  outline  of  the  hexagon 
RFC,  HIK  would  be  shaded.  In  order  to  prevent  this 
and  make  the  work  similar  f)  that  which  has.  preceded, 
the  rays  of  light  are  assumed  in  make  an  angle  of  l.i" 
with    the   plane   of   the    paper   when    shading    holes    and 
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Fig.  78 


depressions.  Hence,  the  light  will  strike  the  surfaces  whose 
edges  are  6V/,  ///,  and  /A',  as  shown  by  the  arrows,  leav- 
ing the  surfaces  whose  edges 
are  K  E^  E  F^  and  FG  dark  as 
before.  Therefore,  these  latter 
edges  will  be  shaded,  and  the 
edges  G  H^  HI,  and  IK  will  be 
light.     See  also  Fig.  71. 

The  conventional  method  of 
shading  circles  which  represent 
the  projections  of  cylinders,  or 
circular  holes,  is  as  follows: 
A  /?,  Fig.  74,  is  the  projection 
or  end  view  of  a  cylinder  having 
for  a  base  the  circular  area  A  B.  Draw  the  arrows  E  A  and 
F B^  making  angles  of  45°  with  the  horizontal  diameter, 
and  tangent  to  the  circle  at  A  and  B,  That  half  of  the 
circle  in  front  of  these  two  points  of  tangency  is  to  be  shaded, 
and,  in  order  to  make 
the  drawing  look  well,  the 
center  point  for  the  com- 
passes is  shifted  along  the 
line  C H  parallel  to  E  A 
and  FB  in  the  direction 
of  the  arrow  an  amount 
equal  to  the  thickness  of 
the  desired  line.  With 
the  same  radius  that  was 
used  to  describe  the  orig- 
inal circle,  describe  part 
of  another  circle,  being 
careful  not  to  run  over 
the  first  circle,  and  stop- 
ping when  the  two  lines  coincide.  The  directions  for  sha- 
ding a  hole  are  precisely  the  same  as  for  the  projection  of 
a  cylinder  base,  except  that  the  half  B  C A  of  the  circle  in 
Fig.  To  is  to  be  shaded,  the  center  being  shifted  as  before, 
but  in  the  opposite  direction,  as  shown  by  the  arrow. 


Fig.  74 
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Vertical  projections  of  cylinders  are  shaded  as  shown 
in  the  front  elevation  of  Fig.  5,  Drawing  Plate,  title: 
Projections — I. 

After  studying  the  foregoing  concerning  shade  lines,  the 
student  should  be  able  to 
see  the  reason  for  the  using 
or  omitting  of  any  shade 
lines  on  the  drawings  in  the 
following  plates.  In  the  case 
of  an  object  like  the  hex- 
agonal prism  in  Fig.  6, 
Drawing  Plate,  title:  Pro- 
jections— I,  no  part  of  the 
upper  base  or  line  Se  is 
shaded,  although,  strictly 
speaking,  the  part  c  e  oi  the 
line  should  be  shaded;  but,  as  this  would  make  part  of  the 
straight  line  St'  htjavy  and  the  greater  part  light,  the  whole 
line  is  drawn  light.  This  is  one  of  the  exceptions  previously 
mentioned. 
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CTENTBB  UNE8 
1.  Fig.  1  represents  a  thick  wedge  having  a  cylindrical 
hole  running  through  its  entire  length.  The  lines  mn,pq, 
and  rs  are  called  center 
lines.  Center  lines  are  usu- 
ally drawn  through  the  cen- 
ter of  anything  that  is  round, 
such  as  a  cylinder  or  a  cylin- 
drical hole.  In  the  case  of  a 
circle,  there  are  usually  two 
center  lines,  one  being  at 
right  angles  to  the  other,  as 
shown  in  view  B,  Fig.  1, 
By  drawing  two  center  lines 
through  a  circle  in  the  man- 
ner just  mentioned,  the  cen- 
ter of  the  circle  is  located  by 
their  intersection.  The  mere 
presence  of  these  lines  shows 
in  most  cases  that  part  of  the  ^"'- ' 

object  through  which  they  are  drawn  is  round.     It  is  very 
seldom  that  center  lines  appear  on  drawings  unless  they  are 
the  center  lines  of  cylindrical  surfaces.     They  may  some- 
times be  drawn  to  indicate  that   the  surface  is  a  regularly  ■ 
curved  surface,  such  as  would  be  formed  bv  circular  arcs,  or 
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one  having  the  shape  of  an  ellipse.  In  very  rare  cases,  for 
some  special  reason,  a  line  that  corresponds  to  a  center  line 
may  be  drawn  for  some  particular  purpose,  but  such  a  line 
is  not,  in  the  strict  sense  of  the  word,  a  center  line. 

2.  Center  lines  are  an  extremely  important  feature  of  a 
drawing,  since  the  workman  is  guided  by  them  in  doing  the 
work  called  for  by  the  drawing.  For  instance,  suppose  that 
it  was  required  to  make  a  wedge  like  that  shown  in  Fig.  1, 
and  that  the  workman  was  given  a  piece  of  cast  iron  having 
approximately  the  shape  indicated  by  the  drawing.  Sup- 
pose, further,  that  it  was  necessary  to  have  the  hole  located 
exactly  as  shown  in  the  drawing  with  reference  to  the  sides 
of  the  wedge,  and  that  the  sides  and  ends  of  the  wedge 
were  all  to  be  ** finished."  The  first  thing  that  the  work- 
man would  probably  do  would  be  to  drill  the  hole,  and,  if 
the  job  had  to  be  very  accurate,  he  would  drill  the  hole  a 
little  smaller  than  the  drawing  calls  for  and  then  ream  it 
out  to  size.  He  would  then  face  the  ends  square  with  the 
center  line  of  the  hole  and  make  the  length  of  the  wedge 
the  same  as  shown  on  the  drawing.  The  sides  of  the  wedge 
would  then  be  planed  and  finally  finished  with  a  file,  the 
workman  working  all  the  time  from  the  center  line  ;////. 
If  the  drawing  shown  in  Fig.  1  is  intended  to  be  worked  to, 
it  would,  in  most  shops,  be  supplied  with  proper  dimensions. 


SECTIONS  AND  SECTION  I.INING 

3.  In  order  to  show  the  interior  of  hollow  objects,  they 
are  often  drawn  in  section,  and  the  kind  of  material  is  then 
usually  indicated  by  certain  combinations  of  lines.  Unfor- 
tunately, there  is  no  universally  adopted  standard;  thus,  a 
certain  combination  of  lines  may  indicate  that,  the  material 
is  cast  iron  if  drawn  in  one  office;  in  another  office  this 
same  combination  may  have  bt*en  adopted  to  represent 
brass,  and  so  on.  As  far  as  working  drawings  are  con- 
cerned, there  is  usually  no  difficulty  experienced  on  account 
of  this  diversity  of  practice,  since  as  a  general  rule  the 
material  is,  and  should  always  be,  distinctly  specified  on  the 
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drawing  in  order  to  prevent  any  mistake  on  the  part  of 
the  workman. 

4.    The  most  commonly  used  combination  of   lines  for 
different  materials  is  shown  in  Fig.  2.     Steel  of  all  kinds  is 
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indicated  as  shown  in  view  A  ;  view  B  shows  the  style  of  sec- 
tioning employed  for  wrought  iron.  Cast  iron  is  usually  sec- 
tioned as  shown  at  C\  brass  and  other  similar  copper  alloys 
are  sectioned  in  the  manner  shown  at  D,  For  lead,  Babbitt, 
and  similar  soft  metal,  the  sectioning  shown  at  E  is  exten- 
sively used.  Wood,  when  cut  across  the  grain,  is  usually  sec- 
tioned as  shown  in  the  upper  half  of  view  /%  and  when  cut 
along  the  grain,  as  shown  in  the  lower  half.  Wood  is  also 
frequently  indicated  on  a  drawing  by  section  lines,  even  when 
it  is  not  a  section.  Glass  and  stone,  when  in  section,  are 
often  indicated  in  the  manner  shown  by  the  upper  half  of 
view  G\  when  not  in  section,  they  are  frequently  drawn  as 
shown  in  the  lower  half  of  that  view.  Concrete  may  be 
indicated  as  in  view  H\  view  /  gives  a  common  representa- 
tion of  leather.  Rubber  and  wood  fiber  are  sectioned  as  in 
view  y,  firebrick  as  in  K^  and  water  as  in  L, 

6.  Instead  of  representing  sections  by  lines,  they  are 
occasionally  colored,  the  colors  used  indicating  the  different 
materials.  While  this  practice  is  very  common  in  Europe, 
it  is  very  rarely  found  in  the  United  States. 
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6.    Sections  of  material  that  appear  too  thin  on  a  draw- 
ing to  be  conveniently  sectioned,  or  when  it  is  desired  to 

make  the  section 
very  prominent,  are 
often  blackened  in, 
as  shown  in  Fig.  3. 
In  order  to  separate 
different  pieces,  a 
Fig.  3  white    line   is  then 

usually  left  between  them.  Black  sections  are  most  fre- 
quently employed  for  sectional  views  of  structures  com- 
posed of  plates  and  rolled  sections,  sugh  as  I  beams,  angle 
irons,  bulb  angles,  rails,  Z  bars. 
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7.  On  many  sectional  views,  it  will  be  noticed  that  the 
section  lines  do  not  run  in  the  same  direction.  This  invari- 
ably means  that  there  is  more 
than  one  piece  in  the  section 
given.  Thus,  referring  to  Fig.  4,  ^- 
it  will  be  seen  that  the  section 
lining  shown  at  ^,  ^  is  at  a  right 
angle  to  the  other  section  lining. 
It  is  the  general  rule  among 
draftsmen  that  all  parts  of  the  same  piece  shown  in  section 
must  be  section-lined  in  the  same  direction,  irrespective  of 
the  continuity  of  the  section.  Thus,  referring  again  to 
Fig.  4,  the  fact  that  all  section  lining  marked  A  is  in  the 
same  direction  immediately  establishes  the  fact  that  this 
part  of  the  view  is  a  section  of  the  same  piece.  Likewise, 
since  the  sectioning  shown  at  b,  b  runs  in  the  same  direc- 
tion, it  follows  that  ^,  b  are  sectional  views  of  one  piece, 
which  is  separate  from  A, 


8.  The  above  rule  governing  the  direction  of  section 
lines  is  always  adhered  to  when  possible ;  when  any  depar- 
ture is  necessary,  care  is  taken  to  prevent  ambiguity.  Where 
only  the  sectional  view  is  given,  it  is  often  very  difficult  to 
understand  the  drawing,  and  sometimes  a  violation  of  the 
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above  rule  vill  cause  an  erroneous  conclusion  to  be  drawn. 
Referring  to  Fig.  5  (a),  cover  up  the  front  view  shown  at  (*). ' 
Then,  since  the  sectioning  of  A  and  B,  and  also  that  shown 
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at  b  and  b',  are  respectively  in  the  same  direction,  any  one 
would  be  perfectly  justified  in  assuming  that  A  and  B  was 
a  sectional   view  of  a  rod   fitted  with  a  solid   bushing  b. 
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Furthermore,  since  C,  C  and  C\  C  are  sectioned  the  same 
way,  the  conclusion  that  they  were  the  jaws  of  a  forked 
rod  would  be  justifiable.  Referring  now  to  view  (^),  it  is 
seen  that  b  and  b*  are  separate  brass  boxes;  the  part  B 
is  seen  to  be  separate  from  the  cap  ^,  and  the  note 
^^ Rods  removed**  indicates  that  C  is  separate  from  C\ 
The  way  the  sectional  view  should  have  been  section-lined 
to  correspond  to  the  front  view  shown  at  {b)  is  given  in 
Fig.  5  {€). 

9.  When  a  cutting  plane  passes  through  the  axis  of  a 
shaft,  bolt,  rod,  or  any  other  solid  piece  having  a  curved 
surface  and  located  in  the  plane  on  which  the  section  is 
taken,  it  is  the  general  practice  not  to  show  such  solid  pieces 
in  section,  but  in  full.  Thus,  in  Fig.  5  the  sectional  view  is 
taken  on  the  plane  represented  by  the  line  xy^  which  passes 
through  the  axis  of  the  pin  D.  This  pin  is  shown  in  full, 
however.  The  practice  here  shown  is  rarely  departed  from 
by  experienced  draftsmen,  since  it  makes  a  drawing  easier 
to  read  and  also  saves  considerable  time  in  making  the 
drawing. 

10.  Fig.  5  also  shows  another  feature  that  is  frequently 
met  with  in  shop  drawings.  Referring  to  the  illustration, 
it  is  seen  that  no  bolt  is  shown  in  the  lower  half  of  the 
object,  as  far  as  the  front  view  {b)  is  concerned.  A  center 
line  ^/ is  drawn  in,  however;  this  center  line  indicates  to 
the  workman,  who  reasons  from  the  symmetry  of  the  object 
in  respect  to  the  center  line  xy,  that  the  lower  half  of  the 
object  is  to  be  supplied  with  a  bolt  placed  in  the  plane 
given  by  the  center  line  op.  In  case  of  symmetrical  work, 
draftsmen  will  frequently  complete  only  one  half  of  the  view 
and  merely  indicate  the  other  half  by  a  few  lines  or  not  at 
all,  trusting  to  the  judgment  of  the  workman  for  a  correct 
reading  of  the  drawing.  In  the  best  practice,  a  note  is 
made  on  the  drawing  calling  attention  to  the  fact  that 
the  indicated  portion  of  the  view  is  a  duplicate  of  the 
complete  portion. 
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BBEAKS 

11.  When  a  long  and  comparatively  slender  object  is  to 
be  drawn,  it  often  happens  that,  when  drawn  to  a  sufficiently 

large  scale  to  make  it  intelligible,  it 
will  extend  beyond  the  space  avail- 
able. In  such  a  case,  part  of  the 
object  is  broken  out  and  the  remain- 
ing ends  are  pushed  together.  The 
fact  that  part  of  the  object  is  broken 
away  for  the  sake  of  convenience   is 

^^^^^^^^^^^^■■■i     indicated   by  a  so-called   break.     It 

is  always  understood   that  the   part 

1       broken  away  and  not  shown  is  of  the 

(d)  same  size  and  shape  as  the  parts  con- 

tiguous to  the  break.     In  some  cases, 

one  end  of  the  object  is  broken  away. 
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12.    Breaks  may  be   indicated   in 

various  ways;    most   commonly,   the 

break   is  given   an   outline   that  will 

n     reveal  the  shape  of  the  object.     Con- 

7g)  ventional  methods  of  indicating  breaks 

are  shown  in  Fig.  6.    Wood  is  usually 

shown   broken   in  the    manner   illus- 

^*^  t rated   at  {a),  angle  irons  as  at  (^), 

T  irons  as  at  (^),  Z  bars  as  at  {d): 
Cylindrical  objects  are  occasionally 
broken  as  shown  at  (r),  but  most 
frequently  in  the  manner  shown 
at    (/).      Pipes    and   similar    hollow 

~) ^     cylindrical  objects  may  be  broken  as 

shown  at  {g)\  but,  more  frequently, 

the  break  is  made  as  shown  at  (//). 

Rectangular  objects   may  be   broken 

<^>  in  the  manner  shown  at  {i)\    plates 

P'o-  *  and  objects  other  than  those  included 

between  views  (a)  and  (/)  are  often  shown  broken  oflE  by 

drawing  a  wavy  freehand  line  as  in  {j)  and  {k). 
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HIDDEV   SCREW   THRHADS 

13.  When  the  screw  thread  is  hidden  by  part  of  the 
object  and  it  is  deemed  necessary  to  show  it  in  dotted  lines, 
it  is  usually  drawn  in  one  of  the  four  ways  illustrated  in 
Fig.  7.     Of  these  the  method  shown  in  Fig.  7  (n)  is  probably 


the  clearest;  that  shown  in  Fig.  7  (*)  is  fairly  good;  4nd  the 
one  shown  in  Fig.  7  (c)  is  cheap.  The  method  illustrated 
in  Fig.  7  {d)  is  practically  no  representation  of  a  screw 
thread  at  all;  if  used  it  usually  must  be  supplemented  by  a 
note  such  as  "J'  stud,"  or  "  1^'  bolt,"  and  so  on. 


BEPEATED   PARTS   OF   OBJECTS 

14.  When  an  object  has  a  relatively  large  number  of 
similar  component  parts,  they  are  rarely  all  shown  on  a  work- 
ing drawing.  Usually,  a  few  of  them  are  shown  in  full  and 
the  rest  are  merely  indicated  by  showing  the  position  of  the 
center  of  each  part.  Sometimes  even  this  is  not  done,  but  a 
note  is  placed  on  the  drawing  calling  attention  to  the  fact 
that  some  certain  part  of  the  object  is  to  be  repeated. 

15,  Fig.  8  is  an  example  of  how  repeated  parts  of  an 
object  may  be  treated.  Referring  to  the  illustration,  which 
is  a  top  view  of  a  pipe  flange.  Fig.  8  {a)  shows  three  bolts 
drawn  in.  The  position  of  the  rest  of  the  bolts  is  indicated 
by  the  short  radial  lines  drawn  across  the  bolt  circle.     In 
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Fig.  8  (6),  the  bolt  circle  is  drawn  in  and  a  note  is  written 
along  it  that  is  sufficiently  definite  to  convey  the  idea  to  the 
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mind  of  the  workman.    This  latter  method  is  most  commonly 
used  on  working  drawings. 

16.  When  making  a  drawing  of  a  gear-wheel,  especially 
when  it  is  a  working  drawing,  it  is  customary  to  draw  in 
only  two  or  three  teeth  and  specify  how  many  teeth  the 
wheel  is  to  have.  This  answers  the  purpose  as  well  as  if  all 
the  teeth  were  drawn  and  has  the  advantage  that  an  enor- 
mous amount  of  time  is  saved  in  making  the  drawing.  Like- 
wise, in  drawings  of  objects  built  up  of  plates  or  rolled  sec- 
tions, as  in  boiler  and  bridge  drawings  and  similar  work, 
only  a  few  rivets,  or  staybolts,  or  similar  repeated  parts 
are  usually  shown,  and  the  location  of  the  rest  is  indicated 
by  showing  the  position  of  their  centers  or  bv  a  suitable 
note  placed  on  the  drawing. 

ABBREVIATIONS    USED    OK   DRAWINGS 

17.  The  most  commonly  used  abbreviations  arc  J?., 
Dia.,  Diain.,  d.,  dia.,  and  diam.  for  "diameter,"  and  R., 
Rad.,  r.,  and  rad.  for  "  radius."  "  Wrought  iron  "  is  usually 
abbreviated  to  IVr'i  Iron.  The  abbreviation  Thds.  or  thds., 
with  a  number  prefixed,  stands  for  "  threads  per  inch  " ;  thus, 
1^  thds.  means  "  make  14  threads  per  inch. "     The  word  tap. 
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with  a  number  prefixed,  always  means  that  a  hole  is  to 
be  finished  by  tapping  it  with  a  tap  of  standard  proportions, 
having  the  diameter  given  by  the  prefixed  number.  When 
a  tap  other  than  a  standard  tap  is  to  be  used,  it  is  distinctly 
specified.  Drill  is  always  taken  to  mean  that  a  hole  is  to  be 
put  through  the  object  by  drilling.  Bored  or  Bore  means 
** finish  a  hole  by  boring  it."  Planed ^  is  always  understood 
to  mean  **this  surface  is  to  be  finished  by  planing."  Cored 
implies  that  the  hole  to  which  it  is  applied  is  to  be  cored  out 
and  left  that  way ;  that  is,  it  is  not  to  be  finished  by  machin- 
ing. Faced  almost  invariably  implies  that  the  surface  to 
which  it  is  applied  is  to  be  machined  square  with  a  hole  in 
the  object.  Turned  is,  an  abbreviation  for  **  finish  by  turn- 
ing." Scraped  implies  that  a  surface  is  to  be  finished  by 
scraping.  Tool  finish  means  that  the  surface,  after  machin- 
ing, is  not  to  be  finished  any  further.  Blacky  on  objects 
formed  by  forging,  implies  that  the  part  to  which  it  is 
applied  is  to  be  left  as  it  comes  from  the  smith.  The  term 
Ream  or  Reamed  means  that  a  hole  is  to  be  finished  by  ream- 
ing ;  when  applied  to  a  bolt,  it  is  understood  that  the  bolt  is 
to  be  fitted  to  a  hole  that  has  been  previously  reamed.  The 
terms  Shrinking  Fit^  Forcing  Fit^  and  Driving  Fit  written 
behind  a  dimension  always  imply  that,  in  machining  the 
part,  the  workman  is  to  make  the  allowance  necessary  for 
the  kind  of  fit  called  for.  The  fact  that  part  of  an  object  is 
to  be  finished  by  machining,  filing,  or  grinding  is  often 
indicated  by  marking  the  outlines  with  an  f  written  across 
or  near  it,  or  writing  yf;/.  along  it.  In  some  cases,  draftsmen 
will  draw  a  dotted  line  or  a  full  red  line  at  a  little  distance 
from  the  outline  and  write /* across  it;  it  is  usually  under- 
stood, in  that  case,  that  the  lengths  of  the  supplementary 
lines  denote  the  extent  of  the  surfaces  that  are  to  be  finished. 


KINDS    OF   WORKIXG   DRAWINGS 

18,  Working  drawings  are  divided  into  two  general 
classes,  which  are:  assembly^  or  general,  drawings^  and  detail 
drawings. 
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Assembly,  or  general,  drawings  show  the  workman 
the  relation  between,  and  the  places  or  positions  occupied 
by,  the  different  component  parts  of  a  structure,  machine, 
device,  fixture,  implement,  etc.  If  any  dimensions  are 
given,  they  are  usually  only  leading  dimensions. 

Detail  drawings  show  the  exact  shape  and  size  of  each 
integral  part.  For  this  purpose  they  are  supplied  with  all 
the  dimensions  required  by  the  workman  and  any  additional 
explanatory  notes  that  the  draftsman  may  consider  nec- 
essary. 

Detail  drawings  may  be  made  so  complete  that  they  will 
answer  for  the  patternmaker,  blacksmith,  and  machinist, 
and  they  are  usually  so  made  in  the  smaller  shops.  In 
the  large  shops,  however,  separate  drawings  are  often 
made  for  the  patternmaker,  blacksmith,  and  machinist; 
the  detail  drawing  for  the  use  of  the  patternmaker,  then, 
contains  only  the  dimensions  and  notes  needed  by  him 
to  make  the  pattern;  that  for  the  blacksmith  contains 
the  dimensions  needed  for  making  the  forging;  and,  finally, 
that  for  the  machinist  contains  all  dimensions  needed 
by  him. 

19.  Attention  is  called  to  the  fact  that  practice  varies 
somewhat  in  different  places  in  regard  to  the  dimensions 
given  on  detail  drawings,  at  least  as  far  as  drawings  for  the 
patternmaker  and  blacksmith  are  concerned.  In  some 
places,  the  dimensions  given  represent  the  size  the  object  is 
to  be  when  finished ;  hence,  the  blacksmith  or  patternmaker 
must  make  necessary  finishing  allowances  himself.  In  other 
places,  again,  the  finishing  allowance  has  been,  and  usually  is, 
made  by  the  draftsman ;  the  dimensions  given  are  then  those 
of  the  pattern  or  forging.  If  in  doubt  about  the  practice 
followed  in  a  particular  drawing  office,  it  is  a  good  plan  to 
find  out  by  inquiry  what  system  is  used  in  the  shop  under 
consideration.  In  the  best  modern  practice,  a  note  calling 
attention  to  the  fact  that  the  sizes  given  are  those  when 
finished  is  placed  on  the  drawing;  thus,  ^^  All  finished  sizes** 
or  some  similar  note. 
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SCAIiES 

SO.  When  it  is  desired  to  make  a  drawing 
other  than  full  size,  special  scales  are  used. 
Thus,  suppose  it  is  required  to  make  the  draw- 
ing J  size ;  then,  3  inches  on  the  drawing  would 
represent  1  foot  on  the  object.  Hence,  if 
3  inches  are  laid  off  and  divided  into  12  equal 
parts,  each  of  these  parts  will  represent  1  inch 
on  the  object.  If  these  parts  be  subdivided 
into  2,  4,  8,  etc.  parts,  each  will  represent 
i<  ii  i.  ^tc.  of  1  inch  on  the  object.  A  scale 
of  this  kind  is  called  a  quarter  scale,  or  a 
scale  of  3  Inches  to  the  foot.  An  eistatta 
scale,  or  a  scale  of  1^  tncbes  to  the  foot, 
would  be  constructed  in  the  same  way,  except 
that  1^  inches  would  be  laid  off  instead  of 
3  inches.     These  scales  are  written  3'  =  1  ft., 

.  H'  =  i  ft. 

'■  21.  Fig,  9  shows  a  scale  which  is  con- 
venient for  the  student,  inasmuch  as  it  com- 
bines eleven  different  systems  of  subdivision 
and  may  be  used  for  all  the  work  ordinarily 
done  in  a  drafting  room.  This  scale  is  tri- 
angular in  section  and  12  inches  in  length, 
and  on  each  of  its  edges  is  laid  off  a  scale, 
as  shown  at  A,  Ji,  and  G.  The  scale  at  G 
is  "full  size";  that  is,  this  edge  of  the  scale 
is  divided  into  inches  and  fractions  of  an  inch 
down  to  sixteenths,  and  is  used  for  drawings  in 
which  an  object  is  represented  in  its  natural 
size.  On  its  opposite  side,  at  B,  is  shown 
the  quarter-sized  scale  of  3'  =  1  ft.  The  first 
3-inch  (actual  size)  division,  from  B  to  C,  is 
subdivided  into  12  parts  representing  inches, 
and  each  inch  is  then  divided  into  proportional 
fractions  of  an  inch,  generally  eighths.  From 
CtoD.D  to  £,  and  £  to  F,  the  scale  is  marked 
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in  its  main  divisions  of  1  foot  each,  each  foot  being  3  inches 
long,  actual  size.  From  A  to  B  the  scale  is  independently 
divided  into  spaces  of  1^  inches  (actual  size)  to  form 
an  eighth-sized  scale,  or  1^^'  =  1  ft.,  the  divisions  of  the 
latter  occurring  on  and  between  the  marks  for  the  3-inch 
scale. 

The  other  sides  and  edges  of  the  instrument  are  divided 
into  scales  of  1  inch  and  ^  inch,  J  inch  and  f  inch,  ^  inch 
and  i  inch,  and  ^^  inch  and  -^  inch  to  the  foot.  Different 
makers  do  not  always  arrange  their  scales  in  the  same  man- 
ner. Thus,  instead  of  having  a  full-size  scale  and  scales  of 
3'  =  1  ft.  and  1^^'  =  1  ft.  on  one  side,  as  shown  in  Fig.  9, 
some  makers  have  the  full-size  scale  and  ^'  =  1  ft.  and 
-^j'  =  1  ft.  on  one  side.  It  will  be  observed  that  the  num- 
bering of  the  feet  on  these  scales  does  not  start  at  the  end  of 
the  instrument,  but  at  the  first  division  from  the  end.  Thus, 
on  the  quarter-sized  scale  the  zero  mark  is  placed  at  C  and 
the  first  foot  is  measured  to  D.  This  is  done  so  that  the 
feet  and  inches  may  be  laid  off  independently  and  with  one 
reading  of  the  scale. 

The  figures  indicating  the  number  of  feet  on  this  scale 
are  placed  along  the  extreme  upper  edge  at  Dy  Ey  and  /% 
the  numbers  running  in  a  direction  away  from  the  part 
containing  the  inches.  The  numbers  indicating  inches 
run  in  an  opposite  direction  from  those  defining  the 
feet. 

To  lay  off  2  feet  3f  inches  on  a  scale  of  3'  =  1  ft.  and 
from  a  given  point,  place  the  scale  on  the  point  so  that  the 
2-foot  mark  will  be  directly  over  it;  then  from  the  zero 
mark  C  lay  off  3i  inches,  as  shown,  locating  a  second 
point.  The  length  of  the  distance  thus  laid  off  between 
the  two  points  represents  2  feet  3i  inches.  The  scale  of 
1^'  =  1  ft.  is  used  in  a  similar  manner  to  lay  off  the 
same  distance.  The  figures  indicating  feet  on  this  scale 
are  placed  nearer  the  edge,  in  order  to  prevent  confusion 
in  reading. 

To  draw  to  half  size,  or  6  inches  to  the  foot,  use  the  full- 
size  scale,  and  remember  that  every  \  inch  on  that  scale 
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corresponds  to  1  inch  on  the  object,  that  is,  that  every 
dimension  is  only  half  of  the  real  length.  To  lay  off 
5J  inches,  lay  off  5  half  inches  and  j\  of  an  inch  over; 
the  result  is  a  line  5J  inches  long  to  a  scale  of  6  inches 
to  the  foot. 

If  it  is  desired  to  draw  to  a  scale  of  f  of  an  inch  to  the 
foot,  or  i\  size,  the  scale  of  1^  inches  to  the  foot  may  be 
used  if  the  draftsman  has  no  scale  of  f  =  1  ft.,  halving  all 
dimensions,  as  in  the  previous  case  of  drawing  to  a  scale 
of  6  inches  to  the  foot  with  a  full-size  scale.  It  sometimes 
happens  that  a  draftsman  is  obliged  to  make  a  scale,  when 
the  size  of  his  plate  is  limited  and  a  general  drawing  of  some 
object  is  desired.  By  general  drawing  is  meant  a  complete 
view  of  the  object  in  plan  and  also  one  or  two  elevations. 
In  such  a  case,  one  scale  may  be  too  large  to  enable  the 
drawing  to  be  made  on  a  sheet  of  the  required  size ;  another 
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scale  may  make  it  too  small  to  show  up  well.  For  example, 
a  \  scale  may  be  too  large  and  a  -^  scale  too  small  ;  a 
-^  scale  may  be  just  right.  If  the  draftsman  has  no  -j^  scale 
(that  is,  a  scale  of  1  inch  to  the  foot),  he  may  make  one  by 
taking  a  piece  of  heavy  drawing  paper  and  cutting  out  a 
strip  about  the  size  of  an  ordinary  scale  and  laying  off  the 
inch  divisions  on  it.  Each  division  or  part  will  represent 
1  foot  on  the  object.  Divide  one  of  the  end  parts  into 
12  equal  parts  and  each  will  represent  1  inch  on  the  object. 
Lines  indicating  half  and  quarter  inches  may  be  drawn  if 
considered  necessary. 

Fig.  10  shows  part  of  a  scale  made  in  this  manner,  giving 
feet,  inches,  and  half  inches — the  quarters,  eighths,  etc.  of 
an  inch  being  judged  by  the  eye. 
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CONVBNTIONAI-   HEPRESEXTATION   OF   A   NUT 

22.  Pig.  11  shows  the  ordinary  conventional  method  of 
representing  a  nut.  The  bottom  of  the  thread  is  1^  inches 
in  diameter  and  is  represented  by  the  dotted  circle;  this 
shows  that  it  is  intended  for  a  screw  IJ  inches  in  diameter. 
The  height  of  the  nut  equals  the  diameter  of  the  bolt  or 
screw  on  which  the  thread  is  cut.  The  two  views  on  the 
center  line  m  n  should  be  drawn  without  difficulty.  To 
draw  the  curves  e  a  and  a  d,  project   b  and  c  at  right  angles 


to  t  v'm  the  points  d,  a,  and  *■;  pass  arcs  of  circles  through 
e  and  a  and  through  d  and  a  tangent  to  f  g,  finding  the  cen- 
ters of  these  arcs  by  trial.  The  best  way  of  doing  this  is  to 
draw  lines  parallel  to  /  v  midway  between  ea  and  between  a 
and  d.  Then,  by  trial  with  the  compasses,  find  a  center  on 
these  lines  such  that  an  arc  struck  with  the  compasses  from 
this  center  will  pass  through  rand  a  (or  (j  and  (/)  and  be  tan- 
gent to  f  g.  In  the  right-hand  view,  the  radius  of  the  arc  be 
is  the  same  as  the  height  of  the  nut ;  the  centers  of  the  other 
two  arcs  are  found  by  trial  in  the  manner  just  described. 
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DRAWING   PI^TE,    TITIiE :     DETAIIiS 

23.  The  first  eight  figures  of  this  plate  show  the  conven- 
tional methods  of  representing  screws.  The  actual  projec- 
tion of  a  screw  thread  will  be  similar  to  the  projection  of  a 
helix ;  but  in  order  to  save  the  time  required  to  locate  the 
points  and  trace  in  the  curves,  the  following  methods  are 
universally  used,  except,  perhaps,  in  the  case  of  screws  of 
very  large  diameter  and  pitch,  drawn  full  size. 

34.     Fig.  1  represents  a  slng^le  square-threaded  screMr 

1^  inches  in  diameter  and  f  inch  pitch.  To  draw  the  screw, 
first  draw  the  center  line  m  n  and  a  line  A  B  dit  right  angles 
to  it.  Make  the  distance  A  B  equal  to  the  diameter  of 
the  screw,  or  1^  inches,  and  through  the  points  A  and  B 
draw  lines  AD  and  BE  parallel  to  the  center  line  mn. 
Also  lay  off  on  the  line  A  B  distances  A  F  and  B  G  equal  to 
one-half  of  the  pitch,  and  through  the  points  /^and  G  draw 
lines  FH  and  GI  parallel  to  the  center  line  mn.  These 
lines  show  the  depth  of  the  thread.  On  the  line  A  D  lay 
off  the  width  of  the  thread  and  of  the  groove,  A  C,  CJ^ 
J K^  etc.,  each  equal  to  one-half  of  the  pitch,  or  f  x  ^  = 
^  inch.  Draw  the  line  B  C,  and  through  the  points  y,  K^ 
Z,  M^  etc.,  draw  lines  parallel  to  BC,  Draw  faint  pencil 
lines  through  the  points  C  and  /*,  /  and  Q^  K  and  R^  etc.   to 

represent  the  back  edges  of  the  threads,  and 
make  the  parts  that  are  seen  full  lines;  then 
draw  the  lines  T  V^  UW^  etc.  The  method  of 
drawing  the  remainder  of  the  screw  and  the 
reason  for  using  the  heavy  shade  lines,  as  shown, 
should  be  apparent  without  further  explanation. 
It  will  be  noticed  that  the  width  of  the  thread 
and  of  the  groove,  measured  parallel  to  the  cen- 
ter line  ;;/«,  and  the  depth  of  the  thread  are  all 
exactly  the  same ;  that  is,  they  are  each  equal  to 
one-half  of  the  pitch.  If  a  section  were  taken 
through  the  center  line  m ;/,  the  thread  and 
groove  would  look  like  Fig.  12,  a  series  of 
Fio.  12        squares,  hence  the  term  square  thread. 
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36.    Fig.   2   shows   a   double  square-tlireaded  screMr 

1^  inches  in  diameter  and  with  f  of  an  inch  pitch.  The 
reason  for  using  a  double  thread  is  that  if  the  single  square 
thread  were  used,  the  depth  would  be  so  great  as  to  weaken 
the  bolt  or  rod  on  which  it  was  cut  and  render  it  unsafe  for  the 
purpose  for  which  it  was  intended.  To  prevent  this,  either 
the  diameter  of  the  rod  must  be  increased  or  the  thread  must 
be  cut  of  the  same  depth  and  thickness  as  a  thread  of  half 
the  pitch,  or,  in  this  case,  as  if  the  pitch  were  i  X  i  =  f  of 
an  inch,  as  in  the  preceding  problem ;  another  thread  of  the 
same  size  and  pitch  (f  of  an  inch)  must  be  cut  half  way 
between  these  first  threads,  thus  giving  a  double  thread. 
The  pitch,  or  distance  that  the  screw  would  advance  in  one 
turn,  would  be  f  of  an  inch,  the  same  as  if  it  were  a  single- 
threaded  screw  of  J  of  an  inch  pitch,  while  the  depth  of  the 
thread  is  only  half  as  great.  To  draw  it,  proceed  exactly  as 
in  the  last  figure.  To  get  the  direction  of  the  line  B  C, 
which  in  this  figure  represents  the  projection  of  the  bottom 
edge  of  the  top  of  the  thread,  lay  off  ^  C  equal  to  one-half 
of  the  pitch,  or  f  x  i  =  f  of  an  inch,  and  draw  the  line  B  C 
The  width  of  the  threads  and  grooves,  and  also  the  depth  of 
the  threads,  is  one-fourth  of  the  pitch,  or  J  X  i  =  ^  inch. 
Through  the  points  K^  L^M^  etc.  draw  faint  pencil  lines  KX^ 
etc.  to  represent  the  back  edges  of  the  threads,  and  make  the 
parts  that  are  seen  full  lines.  Through  the  point  K  draw  a 
faint  pencil  line  K  R2X  right  angles  to  the  center  line  ;«//, 
intersecting  the  line  F H  in  ^,  and  draw  the  line  Ta^  which 
represents  the  bottom  of  the  thread.  The  remainder  of  the 
screw  should  now  be  drawn  without  any  trouble. 

26.  Fig.  3  is  a  sing^le  V-tlir©aded  screw  1^  inches  in 
diameter  and  having  7  threads  to  the  inch;  that  is,  the 
pitch  is  \  of  an  inch.  Draw  a  cylinder  V\  inches  in  diam- 
eter, having  ;//  n  for  the  center  line.  Lay  of[  A  B,  B  C, 
CDy  etc.  each  equal  to  the  pitch,  or  \  inch.  Do  the  same 
on  the  left-hand  side.  By  the  aid  of  the  T  square  and 
60*^  triangle  make  the  angles  A  OB,  FO'  Gy  etc.  The  rest 
of  the  thread  can  be  drawn  by  referring  to  the  figure. 


18  MECHANICAL  DRAWING  §  14 

Z?.  Pig.  4  represents  a  screw  exactly  like  the  preceding 
one,  except  that  the  thread  is  left-handed  instead  of  right- 
handed,  as  in  the  previous  case. 

To  ascertain  whether  a  thread  is  left-  or  right-handed, 
hold  the  screw  in  such  a  position  that  its  axis  is  horizontal. 
If  the  thread  is  right-handed,  as  it  usually  is,  the  angle  that 
the  edge  of  the  thread  makes  with  the  horizontal  on  the 
right-hand  side  is  obtuse;  if  left-handed,  it  makes  an  acute 
angle  with  the  right-hand  side  of  the  horizontal.  No  fur- 
ther instruction  should  be  necessary  for  drawing  the  thread. 

28.  Fig.    5    represents   a   double    V-threaded    screw 

IJ  inches  in  diameter.  It  has  d^  threads  per  inch;  that  is, 
the  pitch  is  1  inch  -f-  3^  =  f  inch.  The  same  remarks 
regarding  the  drawing  of  it  apply  here  that  were  used  in 
describing  Figs.  2  and  3. 

29.  Fig.   6   represents  a  section    of    a  brass  nipple. 

When  the  diameter  of  a  nipple  is  given,  the  inside  diameter 
is  always  meant,  unless  otherwise  specially  stated.  The 
actual  diameter  of  a  nipple  or  pipe  is  very  rarely  given,  but 
must  be  taken  from  printed  tables.  The  nominal  diameter 
of  the  nipple  shown  in  the  figure  is  1  inch,  but  the  actual 
inside  diameter  is  1.05  inches;  from  the  table,  the  outside 
diameter  is  found  to  be  1.32  inches,  making  the  thickness 
.135  of  an  inch.  Owing  to  the  thinness  of  the  shell,  pipe 
threads  are  finer  than  the  threads  on  the  same-sized  rods. 
The  coarsest  pipe  thread  is  8  threads  per  inch.  The  number 
of  threads  per  inch  on  the  nipple  shown  is  11^.  The  thread 
is  tapered  to  make  a  tight  fit,  and  the  length  of  the  threaded 
part  on  each  end  is  0.52  +  0.53  =  1.05  inches,  of  which 
length  the  distance  between  a  and  b  represents  the  perfect 
thread,  while  from  b  \.o  c  the  thread  is  chamfered ;  that  is,  it 
dies  out  gradually.  To  draw  the  nipple,  make  a  sectional 
view  as  shown.  Draw  a  cylinder  1.32  inches  in  diameter 
and  having  ;;/;/  as  a  center  line;  lay  off  the  inside  diameter 
equal  to  1.05  inches  and  draw  A  B  and  CD.  Now  lay  off 
the  diameter  H  K  equal  to  1.2G  inches.  Then  lay  off  the 
distances  H f  and  KL  equal  to  0.52  +  0.53=  1.05  inches* 
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join  the  points  H  and  y,  and  K  and  Z,  by  straight  lines 
representing  the  top  of  the  threads.  Now,  on  the  center 
line  ;;/ ;/,  or  on  any  line  parallel  to  it,  lay  off  a  distance  of 
1  inch  from  the  line  A  C  downwards.  Divide  this  distance 
into  11^  parts  by  means  of  the  method  given  in  Geometrical 
Drazving,  Project  the  points  just  found  upon  HJ^  and,  by 
means  of  the  T  square  and  60°  triangle,  draw  the  threads 
from  //  to  J  as  though  all  the  threads  were  perfect.  Draw 
the  threads  on  K L  in  the  same  manner,  remembering  that 
the  divisions  on  H J  are  to  be  advanced  half  a  thread,  as 
shown;  that  is,  the  top  of  one  thread  and  the  bottom  of  the 
preceding  thread  on  the  other  side  will  be  on  a  horizontal 
line.  Now  lay  off  the  distance  ^^  equal  to  0.52  inch  and 
project  it  on  lines  drawn  parallel  to  K  L  and  HJ  and 
touching  the  bottom  of  the  threads.  From  the  points  of 
intersection  draw  straight  lines  to  J  and  Z,  in  order  to 
obtain  the  bottoms  of  the  imperfect  threads  extending 
from  b  to  c.  Complete  the  rest  of  the  drawing  in  the  same 
manner. 

30.  Fig.  7  shows  another  method  of  representing  a 
V-threaded  screw.  This  method  has  the  advantage  of  ma- 
king a  neat-looking  drawing  and  of  being  very  rapid  in 
delineation.  The  pitch  is  laid  off  as  in  the  three  preceding 
figures.  The  heavily  shaded  lines  represent  the  bottom  of 
the  thread  and  their  lengths  are  determined  by  construct- 
ing an  equilateral  triangle  on  the  pitch  distance,  as  shown, 
and  limiting  the  line  to  distances  between  two  correspond- 
ing vertexes  of  the  triangle.  The  diameter  of  the  screw  is 
1  inch  and  the  number  of  threads  per  inch  is  8. 

31.  Fig.  8  represents  the  same  screw  shown  in  Fig.  7, 
but  the  lines  indicating  the  bottom  of  the  thread  are  left 
out  altogether.  This  method  is  used  on  drawings  where 
haste  is  necessary.  Unless  in  very  much  of  a  hurry,  the 
method  shown  in  Fig.  7  is  to  be  preferred.  Ordinarily, 
when  drawing  screws  as  represented  by  Figs.  7  and  8,  it  is 
not  customary  to  lay  off  the  pitch  and  the  depth  of  the 
thread  as  above  mentioned — the  distances  between  the  line§ 

(7.  M,    V,S 
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representing  the  threads  are  simply  gauged  by  the  eye;  prac- 
tice will  enable  this  to  be  done  very  quickly  and  accurately. 

32.  Fig.  9  shows  two  views  of  a  small  hand  wheel. 
To  draw  it,  locate  the  center  O,  and  through  O  draw  the 
center  lines  /  v  and  m  n  at  right  angles  to  each  other.  From 
(?  as  a  center,  with  the  compasses  set  to  the  radius  of  the 
wheel,  or  3^  inches,  draw  the  outer  circle  of  the  rim;  then, 
lay  off  the  thickness  of  the  rim,  which  is  f  of  an  inch,  and 
draw  the  inner  circle.  Through  O,  with  the  T  square  and 
60*^  triangle,  draw  the  center  lines  A  B  and  C  D.  With  O 
as  a  center,  draw  two  circles,  one  having  a  diameter  of 
f  inch,  to  represent  the  hole,  and  the  other  a  diameter  of 
1\  inches,  to  represent  the  outside  of  the  hub.  To  draw  the 
arms,  make  the  chords  of  the  arcs  a  b^  c  d^  etc.  each  \  inch 
long.  Make  the  chords  //  /,  /  k^  etc.  each  f  inch  long  and 
draw  Ib^  h  a^  k  d^  etc.  With  a  radius  equal  to  \  of  an  inch, 
describe  the  fillets,  or  arcs,  A^  B\  C  D\  etc.  tangent  to  the 
arms  at  A\  B\  C\  etc.  With  a  radius  equal  to  \  of  an  inch, 
describe  the  fillets  or  arcs  tangent  to  the  inside  of  the  rim 
and  to  the  arms.  All  these  arcs  terminate  at  the  point 
of  tangency.  The  cross-section  part  on  the  arm  indicates 
that  a  cross-section  taken  zX,  E  F  would  look  as  shown ;  that 
is,  that  the  arm  is  elliptical. 

The  other  view  shows  a  conventional  method  largely 
used  in  drawing  rooms  of  indicating  a  section  of  the  wheel. 
It  is  termed  a  conventional  method  because  it  would  really 
be  impossible  to  obtain  a  section  like  the  one  shown.  Theo- 
retically, the  arm  in  this  view  should  be  sectioned,  but,  for 
convenience,  a  section  is  imagined  to  be  taken  through  the 
rim  and  hub  on  the  line  /  v  and  turned  around  to  the  posi- 
tion ;;/;/,  and  the  two  arms  are  shown  in  projection  as  if 
they  were  directly  back  of  the  line  ;//  n.  Draw  the  center 
line  /  q  and  the  sections  of  the  rim  as  shown.  Draw  the 
arms  from  the  dimensions  given.  Draw  the  hub  as  shown, 
using  a  radius  of  /^  ^^  ^^  '\wq\\  to  draw  the  fillets  or  arcs 
tangent  to  A  B  and  to  the  arm ;  make  O'  H'  equal  to  O  H 
in  the  other  view  ?ind  describe  an  ^rc  through  //'  tangent 
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to  the  two  arcs  just  drawn,  which  are  tangent  to  A  B  and 
the  arm.  The  rest  of  the  drawing  can  then  be  completed 
without  further  explanation. 

33.  Fig.  10  shows  a  crank,  which  should  be  drawn 
without  difficulty  from  the  dimensions  given.  The  pin  is 
forced  in  and  the  end  riveted  over  at  A  B,  to  prevent  it 
from  being  pulled  out. 

DRAWING  PliATE,  TITIiE  :    MACHINE  DETAIIiS 

34,  Fig.   1   shows    a   double   square-threaded  screw 

3  inches  in  diameter  and  1^  inches  pitch,  having  a  hexag- 
onal head  and  nut.  The  screw  is  lO^J  inches  long  and  the 
distance  between  the  faces  of  the  head  and  nut  is  6  Jf  inches. 
The  head  and  the  nut  are  each  2\^  inches  long,  are  hexago- 
nal in  shape,  and  their  long  diameters  are  5^^  inches.  Since 
this  screw  is  drawn  full  size  and  is  comparatively  of  large 
diameter,  the  true  projection  of  the  helix  is  drawn  instead 
of  the  conventional  method  used  in  Fig.  2  of  the  plate 
entitled  Details.  Each  thread  terminates  in  a  y\-inch  hole 
under  the  shoulder  of  the  head. 

Draw  the  center  line  ;//  n ;  lay  ofi  A  A'  equal  to  6^|  inches, 
and  through  A'  draw  CD  perpendicular  to  ;//  n.  Make  A'  £ 
equal  to  2||  inches  and  draw  F G  parallel  to  CD.  Divide 
C  D,  which  is  5;^  inches  long,  into  4  equal  parts,  and  through 
the  points  C,  H^J^  and  Z?  draw  lines  CZ,  H  I^J  K^  and 
D  M  parallel  to  ;//  n.  With  ^'  as  a  center  and  A\  £"  as  a 
radius,  describe  the  arc  I E  K^  intersecting  H I  and  J  K 
in  /  and  K.  Project  the  points  /and  K  upon  C L  and  D  M, 
locating  the  points  L  and  J/,  and  pass  through  L  and  /and 
through  K  and  M  circular  arcs  tangent  to  F  G.  The 
centers  of  these  arcs  will  lie  on  lines  parallel  to  the  center 
line  m  n  and  midway  between  /  and  /  and  between  K 
and  M.  Therefore,  draw  N  G  parallel  to  the  center  line  ;;/  n 
through  a  point  half  the  distance  between  /  K  and  D  J/, 
and  find  by  trial  a  point  N  at  such  a  distance  from  G  that, 
with  the  radius  N  G,  the  arc  will  pass  through  K^  C,  and  M. 
Draw  the  nut  in  the  same  manner.  This  is  the  conven- 
tional method  of  representing  a  nut. 
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To  construct  the  screw,  draw  through  some  convenient 
point  O  a  line  Q  R  parallel  to  C  D,  From  (7  as  a  center, 
describe  two  semicircles  whose  diameters  are  equal  to  the 
top  and  bottom  diameters  of  the  screw  thread,  intersecting 
the  line  Q  R  in  the  points  Q,  q,  r,  and  R.  From  these 
points  draw  lines  to  S,  s,  7",  and  /  parallel  to  the  center 
line  ;;/;/;  evidently  these  lines  coincide  with  the  top  and 
bottom  of  the  screw  thread.  The  depth  of  the  thread  is 
found  as  in  Fig.  2  of  the  plate  entitled  Details. 

Divide  the  semicircles  into  any  number  of  equal  parts,  in 
this  case  6;  this  is  best  done  by  first  dividing  the  exterior 
semicircle  into  the  required  number  of  parts,  as  Q,  i,  2,  3, 
4,  5,  and  R,  and  then  drawing  radii  through  each  point 
from  O,  which  divides  the  interior  semicircle  similarly.  Lay 
off  on  the  line  R  /,  or  any  other  line,  as  [/  V,  which  is  par- 
allel to  the  center  line  ;;/  ;/,  the  pitch  of  the  screw,  or 
1^  inches,  and  divide  it  into  twice  the  number  of  equal  parts 
that  the  semicircles  have  been  divided  into.  Locate  the 
point  F'at  a  distance  of  f|  inch  from  the  shoulder  C D  oi 
the  head. 

Now,  construct  the  helix  6-5-4-3-2- 1-W ior  the  top  diam- 
eter; also  the  helix  6'-5'-Jf.'-3-X\  having  the  same. pitch,  for 
the  bottom  diameter.  As  this  is  a  double  square-threaded 
screw,  the  widths,  as  well  as  the  depths,  of  the  threads  and 
grooves  are  equal  to  \  of  the  pitch,  or  1|  X  i  =  f  of  an  inch. 
(See  Fig.  2,  last  plate.) 

Consequently,  to  lay  off  the  widths  of  the  threads  and 
grooves,  divide  the  pitch,  or  line  U  V,  into  4  equal  parts,  as 
i,  2,  3^  and  [/,  and  through  these  points  draw  lines  parallel 
to  CD,  intersecting  the  lines  that  represent  the  top  and 
bottom  diameters  of  the  screw  in  the  points  a,  e,  and  Z'; 
b,  g,  and  Z-y  r,  /,  and  IV\  d,  X,  and  Y\  draw  through  these 
points  other  helical  curves  parallel  to  those  already  drawn. 
The  remaining  threads  of  the  screw  may  be  dr^wn  in  the 
same  manner,  but  an  easier  and  quicker  method  is  to  cut  a 
curve,  of  the  same  shape  as  those  already  drawn,  out  of  a  piece 
of  bristol  board  or  cardboard  and  use  it  as  a  template.  The 
manner  of  constructing  the  curves  X-l'-2'-S'  and  3-Jf!-S'-B' 
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should  be  clearly  evident  from  the  drawing.  The  dotted 
curves  need  not  be  drawn  by  the  student,  as  they  are 
merely  put  in  to  show  the  connections  between  the  different 
threads. 

35.  In  Fig.  2  are  shown  a  section  and  end  view  of  a 
shaft  llang^e  coupling,  used  for  connecting  the  ends  of 
two  shafts.  In  order  not  to  take  up  too  much  room  on  the 
plat6,  the  coupling  is  drawn  to  a  reduced  scale,  which  is 
marked  on  the  drawing  as  3"  =  1  ft.  Using  the  scale  of 
3'  =  1  ft.  (see  Art.  31),  draw  the  figure  from  the  dimensions 
given,  first  drawing  all  of  the  sectional  part,  except  the  bolt. 
Then  draw  the  end  elevation  as  shown,  and,  lastly,  the  bolt 
in  the  sectional  view.  The  part  A  B  C  is  a.  key  sunk  into 
the  shafts  to  keep  them  from  turning  within  the  coupling. 
The  shafts  themselves  are  made  of  wrought  iron,  as  indicated 
by  the  sectioning. 

36.  Fig.  3  is  a  front  and  side  elevation  of  a  g^land. 
This  is  also  drawn  to  a  scale  of  3*' =  1  ft.,  and  should  be 
constructed  without  difficulty  from  the  dimensions  given. 
The  line  OA,  marked  6^"  r,  means  that  the  radius  of  the 
arc  BAD  is  6f  inches  long;  so,  also,  C/>,  marked  l^'r, 
means  that  the  radius  of  the  arc  BE  is  \\  inches  long. 
Since  no  dimensions  are  given  for  the  other  two  arcs,  it  is 
understood  that  their  radii  are  the  same  as  for  the  first  two. 
Whenever  a  dimension  is  given,  like  O A^  specifying  the 
length  of  a  radius,  the  letter  r,  or  the  abbreviation  rad,^ 
should  always  be  placed  after  it. 

37.  Fig.  4  shows  a  riveted  Joint,  or  two  plates  riveted 
together.  The  front  elevation  and  a  cross-section  through 
one  of  the  rivets  are  given.  The  diameter  of  the  rivets  is 
\  inch  and  the  pitch  (the  distance  between  the  centers  of 
two  consecutive  rivets)  is  \\  inches.  These  and  the  other 
dimensions  are  obtained  from  the  drawing.  Draw  the  cross- 
section  first,  as  shown  in  the  figure,  and  after  that  the 
elevation.     The  scale  is  full  size. 
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38.  Fig.  5  shows  a  elamp,  dog:,  or  carrier,  as  it  might 
be  termed.  It  can  be  readily  drawn  from  the  dimensions 
given.  It  will  be  noticed  that  part  of  the  pin  ^  ^  is  flat- 
tened. This  is  seen  more  clearly  in  the  top  view,  shown  by 
the  dotted  lines.     It  is  to  be  drawn  to  a  scale  of  3'  =  1  ft. 

39.  Fig.  6  shows  a  elamp  box  to  be  attached  to  beams 
for  shafting  to  pass  through.  The  scale  to  which  it  is  drawn 
is  half  size,  that  is,  6'  =  I  ft.  The  curves  at  A,  B,  etc.  are 
not  exact  projections  of  the  curve  of  intersection  of  the 
round  and  flat  surfaces  shown  in  the  other  view,  but  are 
drawn  as  circular  arcs,  from  which  they  differ  but  little,  and 
the  time  occupied  in  finding  the  different  points  on  the  curve 
is  saved.  This  answers  the  purpose  when  making  shop  draw- 
ings just  as  well  as  the  exact  method.  The  curve  C F D  is 
the  projection  of  the  part  D  E  F,  shown  by  the  dotted  lines 
in  the  elevation,  which  is  removed  in  order  that  the  nut 
may  be  turned  round.  G  is  an  oil  hole.  It  will  be  noticed 
that  the  bolt  holes  are  larger  than  the  bolts;  this  allows  the 
clamp  box  a  little  play,  should  it  be  necessary.  It  also 
allows  the  holes  to  be  cored  in  the  box  when  the  casting  is 
made,  instead  of  being  drilled  afterwards.  On  all  drawings 
made  for  the  shop  or  on  which  dimensions  are  given  or 
required,  the  scale  should  invariably  be  specified.  If  more 
than  one  scale  is  used,  as  in  the  last  plate,  where  three  dif- 
ferent ones  were  used,  it  should  be  given  for  each  figure. 


DRAWING   PliATE,  TITLE  :    FIiANGE  COUPUNG 

40.  This  plate  shows  a  drawing  of  a  flange  coupling 
suitable  for  connecting  two  lengths  of  2-inch  line  shafting. 
Fig.  1  is  a  section  on  the  line  A  B  (Fig.  2)  and  shows  how 
the  two  parts  C  and  D  of  the  coupling  are  bolted  together 
through  their  flanges,  hence  the  name  llangre  Couplingr. 
Each  part  is  keyed  on  its  shaft  separately  and  true  alinement 
of  the  shafts  is  insured  by  means  of  the  recess  in  C,  into  which 
is  fitted  a  raised  boss  on  D.  The  two  parts  of  the  coupling 
are  first  bored  and  then  faced  up  on  the  surisLces  E  F  G  // IJ^. 
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They  are  then  clamped  together  and  the  keyway  is  cut. 
Fig.  ^  is  a  half-end  view  and  needs  no  comment. 

41#  To  begin  the  drawing,  draw  the  horizontal  center 
line  xy  6J  inches  from  the  lower  border  line.  Draw  Fig.  1 
first,  commencing  with  the  vertical  joint  line  EJ  5f  inches 
from  the  left-hand  border  line.  It  is  now  well  to  draw  the 
shaft.  This  is  2  inches  in  diameter;  therefore,  lay  off 
vertically  on  each  side  of  xy^  2-4-2  =  1  inch,  and  through 
the  points  thus  located  draw  the  horizontal  lines  a  a'  and  b  b\ 
Next  draw  the  hub  of  the  coupling.  Lay  off  3^  inches  hori- 
,  zontally  on  each  side  of  the  vertical  joint  line  EJ  and 
draw  cc'  and  dd\  The  diameter  of  the  hub  is  4^  inches; 
therefore,  lay  off  4^  -r-  2  =  2^-  inches  on  each  side  of  xy  and 
draw  ee*  and//';  then  draw  in  the  round  corners  c* e^  ^' d\ 
df\  and  cf  with  a  radius  of  \  inch.  To  the  left  of  the  joint 
line  E/\sLy  off  a  distance  of  \  inch  and  draw  H G\  lay  off 
3  -5-  2  =  1^  inches  on  each  side  of  xy  and  draw  G^/^  and  HI, 
On  referring  to  Fig.  2,  it  will  be  found  that  the  outside 
diameter  of  the  coupling  is  9i  inches ;  lay  off  half  this  diam- 
eter, or  4|-  inches,  on  each  side  of  the  horizontal  center 
line  xy  and  draw  gg'  and  //  //'.  Each  flange  is  If  inches  in 
width  on  the  outer  face ;  lay  off  If  inches  to  both  right  and 
left  of  if/ and  draw  the  vertical  lines  ii'  and//',  putting  in 
the  rounded  corners  /,  i\  etc.  with  the  compasses  s^t  to 
^  inch,  in  each  case  completing  the  circle  faintly.  Now, 
draw  faint  vertical  lines  k  k'  and  //'  each  \\  inch  from  the 
vertical  joint  line  EJ,  Make  k  k'  and  //'  each  equal  to 
8^  inches ;  to  do  this  lay  off  4^^  inches  vertically  on  each  side 
of  xy  and  draw  faint  construction  lines  k'  /',  k  /.  Then  with 
the  compasses  set  to  a  radius  of  ^^  inch  and  a  center  on  the 
line  k k'  produced,  draw  the  semicircle  k' inn.  Draw  no 
just  touching  this  semicircle  and  tangent  to  the  dotted  circle 
mentioned  above;  then  draw  the  other  three  similar  parts 
of  the  flange  in  the  same  manner.  Now,  by  reference  to 
Fig.  2,  locate  the  bolt  center  lines  pp'  and  qq' ;  draw  the 
bolts  and  nuts  and  complete  Fig.  1  from  the  dimensions 
given. 
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The  reference  letters  printed  in  bold-face  italics  should  be 
omitted  on  the  drawing  made  by  the  student. 


DRAWING  PliATE,  TITLE:    ECCENTRIC  AND 

BRAKE  liEVER 

43.     Fig.    1    shows  an   elevation  of   an   eccentric   and 

its  strap.  The  strap  is  made  in  two  pieces  and  bolted 
together  with  a  small  space  ^  inch  wide  between  them. 
Locate  the  point  0^  the  center  of  the  strap,  and  draw  the 
center  lines  A  B^  in  w,  C  C\  and  D  D\  Make  the  offset  O  O' 
one-half  of  the  throw  of  the  eccentric,  or,  in  this  case,  ^  inch, 
thus  locating  0\  the  center  of  the  eccentric  shaft.  Con- 
struct the  rest  of  the  view  from  the  dimensions  given,  noting 
that  the  arcs  E  E'  and  FP  are  concentric  with  (?,  while  G  G 
and  H H*  are  concentric  with  0\  The  part  F F  G'  G  is 
entirely  open  and  is  made  so  in  order  to  lighten  the  eccentric. 

43.     Fig.  2  is   a   section  of  the  eccentric   and  strap. 

The  section  is  drawn  in  a  conventional  manner,  it  being  all 
taken  on  the  line  A  B^  Fig.  1,  except  that  part  of  the  eccen- 
tric between  G'  and  F^  where,  instead  of  sectioning,  the  draw- 
ing shows  it  open  from  L  to  P,  Fig.  2.  This  attracts  attention 
to  the  open  part  of  the  eccentric  and  shows  it  more  clearly. 
It  will  be  noticed  that  the  slope  of  the  threads  in  the  sec- 
tional part  is  the  same  as  for  a  left-handed  screw.  The 
thread,  however,  is  right-handed,  and  the  reason  for  show- 
ing it  in  this  manner  is  that  it  is  the  bottom  of  the  thread 
that  is  being  looked  at;  that  is,  the  section  of  a  right- 
handed  nut  is  the  same  as  the  projection  of  the  top  of  a 
left-handed  screw.  It  will  also  be  noticed  that  the  sectional 
lines  on  the  eccentric  run  in  opposite  directions  to  those  on 
the  strap.  This  is  always  done  when  two  different  pieces 
meet  and  serves  to  indicate  that  they  are  separate  pieces. 
Each  piece  should  be  sectioned  entirely  in  the  same  direction, 
no  matter  if  there  is  a  break,  as  in  the  present  case,  between 
L  and  P.  This  shows  that  A  B  C  D  E  is  one  piece.  The 
dotted  hole  at  A^,  Fig.  1,  is  an  oil  hole. 
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44,  Fig.  3  shows  a  brake  lever  drawn  to  a  scale  of 
S  inches  =  1  foot.  Owing  to  its  length  being  too  great  to  be 
shown  entirely  on  the  drawing  to  this  scale,  the  handle  is 
shown  as  if  a  piece  had  been  broken  out,  the  dimension  line, 
4  feet  7  inches,  giving  the  distance  between  the  two  centers  O 
and  O'.  The  lever  should  be  readily  drawn  from  the  dimen- 
sions given.  To  proportion  it  properly,  where  the  size  of 
the  paper  does  not  permit  the  whole  of  it  to  be  drawn,  pro- 
ceed as  follows:  The  length  between  the  centers  is  4  feet 
7  inches  =  55  inches.  The  width  through  O'  is  2^-  inches 
and  through  O  4  inches.  Hence,  A'  -  2^  =  If^  1.75'' 
=  the  taper  in  55  inches.     Measure  ofi  O  A  =  say,  2  feet. 

1  75 
The  width  at  A  may  be  found  as  follows:  -tt- =  taper  in 

00 

1  75 

I  inch.      -^  X  24  =  .76  inch,  nearly,  the  taper  in  2  feet. 
oO 

V -- ,76' =  3.2'^' =  B  C,  or   the   width   at  A,     Now  locate 

the   point    O'  and   from   it   as   a   center    describe   a  curve 

2i  inches  in  diameter.     Draw  lines  tangent  to  this  curve 

and  parallel  to  the  edges  between  A  and  O  already  found. 

It  should  be  noticed  that  the  center  of  the  brake  lever  in 

the  left-hand  view  is  not  situated  at  the  joint  where  the  two 

parts  come  together,  but  coincides  with  the  center  of  the 

handle,  as  it  should  do. 


DRAWING    PliATE,  TITI^E :    TIMBER    TRESTIiE 

45,  This  plate  shows  a  drawing  of  a  standard  framed 
timber  trestle  as  used  on  the  Cleveland  and  Canton 
Railroad.  It  is  called  a  compound  trestle,  its  various 
members  being  built  up  of  comparatively  small  timbers. 
The  advantages  of  this  style  of  construction  are  the 
reduction  of  the  cost  of  timber  and  the  facility  and  safety 
with  which  repairs  can  be  made.  As  the  parts  are  bolted 
together,  a  defective  piece  may  be  readily  replaced;  and  the 
pieces  being  separated  from  each  other,  there  is  a  thorough 
circulation  of  air  throughout  the  structure,  which  seasons 
and  preserves  the  timber.     It  is  desirable  in  a  structure  of 
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this  kind  to  show  three  views — end  view,  side  view,  and  top 
view  or  plan.  It  is  found  that  the  limits  of  the  drawing 
will  admit  of  the  figures  being  drawn  to  a  scale  of  f  inch 
=  1  foot ;  therefore,  this  scale  will  be  adopted. 

The  drawing  should  be  made  from  the  written  dimensions 
given  on  the  plate;  and  when  drawing  Fig.  1,  reference 
must  frequently  be  made  to  Fig.  2  for  some  of  the  dimen- 
sions required. 

46,  To  begin  the  drawing,  draw  the  vertical  center  line 
^  ^'  at  a  distance  of  4rJ-  inches  from  the  right-hand  border 
line.  Draw  the  horizontal  base  line  ^  ^'  at  a  distance  of 
1^  inches  above  the  lower  border  line.  From  and  above  the 
line  b  b'  lay  off  a  distance  of  12  inches  on  the  vertical  center 
line  a  a\  and  through  the  point  thus  laid  off  draw  the  hori- 
zontal line  c  c'.  On  each  side  of  the  center  line  a  a'  lay  off 
on  the  horizontal  base  line  a  distance  of  9  feet  6  inches  and 
draw  the  short  vertical  lines  b  c  and  V  c'  representing  the 
ends  of  the  ground  sill.  From  and  above  the  line  c  c'  lay 
off  on  the  vertical  center  line  aa'  2i  distance  of  12  feet, 
which  is  the  distance  from  the  upper  edge  of  the  ground  sill 
to  the  lower  edge  of  the  cap,  and  through  the  point  thus  laid 
off  draw  the  horizontal  line  d d'  \  at  a  distance  of  12  inches 
above  this  line  draw  the  line  e  e'  representing  the  upper  edge 
of  the  cap.  On  each  side  of  the  center  line  a  a'  lay  off  on 
the  horizontal  line  d d'  one-half  the  length  of  the  cap,  or 
12  -4-  2  =  6  feet,  and  draw  the  vertical  lines  de  and  d'  e'  repre- 
senting the  ends  of  the  cap.  Next  draw  the  upright  or 
plumb  posts  between  the  ground  sill  and  the  cap;  on  each 
side  of  the  center  line  a  a'  lay  off  on  the  horizontal  line  b  b' 
a  distance  of  2  feet  6  inches,  and  through  the  points  thus 
laid  off  draw  the  vertical  center  lines  ff  and  gg'  of  the 
plumb  posts.  On  each  side  of  the  center  line/*/*'  lay  off  on 
the  horizontal  line^^'  one-half  the  width  of  the  post,  or 
12  -^  2  =  G  inches,  and  draw  the  vertical  lines  h  h'  and  jj'. 
Draw  the  other  plumb  post  in  a  similar  manner.  From  the 
point  c  on  the  ground  sill  and  towards  the  center  line  a  a'  lay 
off  on  the  line  c c'  2i  distance  r  ^  of  18  inches;  next,  from  the 
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point  ^  on  the  cap  and  towards  the  center  line  a  a'  lay  off  a  dis- 
tance e k'oi  15  inches;  join  the  points  k  and  k'.  Now,  with 
the  aid  of  a  triangle  draw  a  line  in  lead  pencil  intersecting 
and  at  right  angles  to  the  line  k  k\  and  on  this  line  lay 
off  towards  the  center  line  a  a'  and  from  the  line  k  k'  2l 
distance  equal  to  the  width  of  the  post,  or  12  inches; 
through  the  point  thus  laid  off  draw  the  line  //'  parallel 
to  k  k'.  This  will  complete  the  left-hand  batter  post.  Draw 
the  right-hand  batter  post  in  a  similar  manner.  We  are 
now  ready  to  draw  the  y  X  10'  sway-braces  which  connect 
the  opposite  ends  of  the  ground  sill  and  cap.  From  and  to 
the  left  of  the  lower  right-hand  corner  b'  of  the  ground  sill 
lay  off  a  distance  b'  in  of  5  inches ;  from  and  below  the  upper 
left-hand  corner  e  of  the  cap  lay  off  a  distance  cm'  of 
6  inches;  join  the  points  ;;/  and  ;;/';  then  draw  a  line  parallel 
to  m  m'  at  a  distance  from  it  equal  to  the  width  of  the  sway- 
brace — that  is,  10  inches.  Draw  the  brace  connecting  the 
other  ends  of  the  sill  and  cap  in  a  similar  manner.  The 
frame  so  far  drawn  is  called  the  bent.  There  is  a  space  of 
15  feet  from  the  center  of  one  bent  to  the  center  of  the  next, 
as  shown  in  Fig.  2,  and  they  are  connected  from  cap  to  cap 
by  stringers.  In  Fig.  1  these  stringers  are  shown  in  sec- 
tion, three  being  set  side  by  side  on  the  cap  over  each  plumb 
post.  Each  stringer  is  notched  1  inch  over  the  cap.  From 
and  below  the  line  e  e'  lay  off  a  distance  of  1  inch  and  draw 
a  horizontal  line  representing  the  position  of  the  lower  edges 
of  the  stringers;  from  and  above  this  line  lay  off  a  distance 
equal  to  the  depth  of  the  stringers,  or  14  inches,  and  draw 
another  horizontal  line  representing  the  upper  edges  of  the 
stringers.  On  each  side  of  the  plumb  post  center  line  //' 
lay  off  on  the  line  ee'  one-half  the  thickness  of  a  stringer, 
or  7  -^  2  =  3^^  inches;  then,  through  the  points  thus  laid  off 
draw  the  vertical  lines  ;/ ;/'  and  oo\  completing  the  middle 
stringer.  To  the  left  and  right  of  this  stringer,  at  a  dis- 
tance of  2^-  inches  from  the  faces  ;/  //'  and  o  o\  respectively, 
draw  vertical  lines  representing  the  inner  faces  of  the  other 
two  stringers.  Lay  off  7  inches  to  the  left  and  right, 
respectively,  of  these  lines,  and  through  the  points  thus  laid 
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off  draw  vertical  lines  completing  the  two  outer  stringers. 
In  a  similar  manner  draw  the  stringers  over  the  right-hand 
plumb  post.  The  stringers  are  kept  in  position  sideways  by 
three  braee-l)locks  bolted  to  the  cap;  to  draw  these  lay  off 
from  and  above  the  top  edge  ce^  of  the  cap  a  distance  of 
3  inches  and  draw  the  horizontal  line  //'.  The  center 
brace-block  fits  between  the  two  inner  stringers,  as  shown ; 
the  outer  ones  are  20  inches  long;  lay  off  this  length  to  the 
right  and  left  of  the  right-  and  left-hand  outer  stringers 
and  draw  the  short  vertical  lines  completing  the  brace- 
blocks.  Across  the  stringers  are  laid  the  ties,  which  are 
notched  1  inch  over  the  stringers.  From  and  below  the  top 
edge  n^  o'  of  one  of  the  stringers  lay  off  a  distance  of  1  inch 
and  draw  the  horizontal  line  zz'  representing  the  lower  edge 
of  the  tie  notched  over  the  stringers,  as  shown ;  from  and 
above  this  line  lay  off  the  depth  of  the  tie,  or  7  inches,  and 
draw  the  line  representing  the  top  edge  of  the  tie.  On  each 
side  of  the  center  line  aa^  lay  off  on  the  line  z  z^  one-half 
the  length  of  the  tie,  or  8'  4"  ~  2  =  4  feet  2  inches,  and 
draw  the  vertical  lines  representing  the  ends  of  tfie  tie,  con- 
tinuing these  lines  upwards  for  a  short  distance.  Now,  con- 
necting the  ends  of  the  ties,  in  a  direction  parallel  to  the 
rails,  are  wooden  guard  rails  to  prevent  the  cars  from 
jumping  the  trestle,  if,  by  any  chance,  they  should  leave 
the  tracks.  These  guard  rails  are  notched  1  inch  over  the 
ties.  From  and  below  the  top  edge  of  the  tie  lay  off  a  dis- 
tance of  1  inch  and  draw  a  short  horizontal  line  at  each  end 
of  the  tie;  from  and  above  these  lines  lay  off  a  distance  of 
8  inches  and  draw  horizontal  lines  representing  the  top 
edges  of  the  guard  rails.  From  each  end  of  the  tie  lay  off 
towards  the  center  line  a  a'  a  distance  of  8  inches  and  draw 
the  short  vertical  lines  to  complete  the  guard  rails,  as 
shown.  The  distance  between  the  inner  flanges  of  the  steel 
track  rails  is  4  feet  8.V  inches;  on  each  side  of  the  center 
line  a  a'  lay  off  on  the  top  {^([gQ  of  the  tie  one-half  this  dis- 
tance, or  4'8J"'-^2  =  2  feet  4|  inches,  and  draw  vertical 
lines  in  lead  pencil.  The  rails  may  now  be  drawn  in  and 
should  be  5  inches  high,  5  inches  wide  on  the  lower  flange, 
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and  2  inches  wide  on  the  top  flange.  By  referring  to  Fig.  2, 
it  will  be  seen  that  the  bents  are  held  together  at  their  bases 
by  longitudinal  ties;  these  are  called  girts  and  extend  from 
post  to  post,  being  attached  to  the  lower  ends  of  both  batter 
and  plumb  posts.  All  the  girts  are  of  10^  X  4^"  section. 
From  and  to  the  right  of  the  line  //'  lay  off  a  distance  of 
4  inches  and  draw  the  line  qq'  parallel  to  the  line  //'.  From 
the  point  of  intersection  of  the  line  qq'  and  the  line  cc' 
draw  a  line  ^r  at  right  angles  to  the  line  //'of  the  batter 
post.  From  and  above  the  point  r  lay  off  along  the  line  //' 
a  distance  of  10  inches  and  draw  q'  r'  parallel  to  the  line  q  r. 
In  a  similar  manner  draw  the  girt  at  the  base  of  the  right- 
hand  batter  post  and  then  draw  two  girts  at  the  base  of 
each  plumb  post.  The  bents  are  still  further  secured  by 
means  of  diagonal  braces  which  connect  the  top  of  a  plumb 
post  in  one  bent  to  the  bottom  of  a  plumb  post  in  the  next 
bent,  as  shown  in  Fig.  2;  to  each  6"^  X  8^^  central  brace, 
which  is  bolted  to  the  post  by  means  of  the  bolts  z\  v\  there 
are  two  3''  X  8*  braces,  one  on  each  side  of  the  central  brace, 
secured  to  the  posts  by  bolts  zu'  and  to  the  central  brace  by  a 
bolt  za".  We  will  first  draw  the  two  3"  X  8"  braces.  From 
each  side  of  the  left-hand  plumb  post  lay  off  a  distance  of 
3  inches  and  draw  vertical  lines  extending  from  the  upper 
edge  of  the  girts  to  the  lower  edge  of  the  cap ;  on  either  of 
these  lines  lay  off  from  and  below  the  line  c/d'  a  distance 
of  3  inches  and  draw  the  short  horizontal  lines  representing 
the  ends  of  the  diagonal  braces  seen  in  this  view.  Now 
draw  the  6'  X  8*  brace  by  laying  off  on  each  side  of  the 
center  line  //'  one-half  the  thickness  of  the  brace,  or 
0  -r-  2  =  3  inches,  and  drawing  vertical  lines.  This  brace 
extends  1^  inches  below  the  top  of  the  sill  and  IJ  inches 
above  the  lower  edge  (/d'  of  the  cap;  lay  off  these  distances 
and  draw  the  short  horizontal  lines  representing  the  ends  of 
the  brace.  Each  bent  is  supported  upon  four  piles,  two  of 
which  are  located  immediately  under  the  plumb  posts,  the 
centers  of  the  other  two  btyng  18  inches  from  the  ends  of 
the  sill.  The  tops  of  the  piles  are  tenoned  and  enter  for  a 
depth  of  G  inches  between  the  two  timbers  forming  the  sill. 
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The  student  should  be  able  to  draw  these  piles  without 
special  instructions.  Next  locate  the  bolt  centers;  begin 
by  drawing  the  center  lines  of  the  batter  posts  and  sway- 
braces  in  lead  pencil,  and  from  the  drawing  locate  all  bolts 
on  these  lines.  Where  the  timbers  cross  each  other  and  are 
bolted  together,  draw  in  lead  pencil  the  short  diagonal  of 
the  diamond  formed  by  the  crossing  of  the  two  timbers;  the 
point  where  these  diagonals  meet  is  the  center  of  the  bolt. 
Now  locate  all  bolts  on  the  center  lines  //'  and  gg^  and 
then  the  bolts  on  the  center  lines  of  the  two  outside  piles. 
Dimensions  are  given  which  will  enable  the  student  to  locate 
all  other  bolts.  All  the  bolts  are  f  inch  diameter,  with  heads 
and  nuts  f  inch  thick  and  1:^  inches  square.  The  washers  are 
all  3  inches  in  diameter,  with  the  exception  of  those  marked 
3i  inches  in  Fig.  2,  and  are  all  f  inch  thick.  In  many  places 
washers  are  introduced  between  timbers  to  act  as  separa- 
tors; these  are  all  3  inches  in  diameter,  with  the  exception 
of  those  between  the  stringers,  which  are  3^  inches  in 
diameter. 

47.  We  are  now  ready  to  proceed  with  Fig.  2.  Draw 
the  vertical  center  line  .y^  at  a  distance  of  2^  inches  from 
the  left-hand  border  line.  From  and  to  the  right  of  ss'  lay 
off  a  distance  of  15  feet  and  draw  the  center  line  /  /'.  Pro- 
jecting from  the  lower  edge  of  the  sill  in  Fig.  1  draw  short 
horizontal  lines  a  b  and  cd  and  also  draw  the  lines  e/sLudg/t 
by  projecting  from  the  top  edge  of  the  cap.  On  each  side 
of  the  center  line  / 1'  lay  off  one-half  the  distance  between 
the  two  timbers  that  form  the  sill,  or  3'  -^  2  =  1^  inches, 
and  draw  vertical  lines  between  cd  and  g/i.  To  the  right 
and  left  of  co  and  d/i,  respectively,  lay  off  a  distance  of 
6  inches  and  draw  vertical  lines  as  before.  Projecting  from 
the  top  edge  of  the  brace-block  in  Fig.  1  draw  the  horizontal 
line  jk  and  complete  the  end  view  of  the  brace-block  by 
drawing  the  short  vertical  lines  gj  and  //  k.  The  ends  of 
the  pieces  forming  the  posts  are  separated  by  tenon  blocks 
3  inches  thick  and  2  feet  8  inches  long.  From  and  below 
the  line  g/i  lay  off  a  distance  of  2  feet  8  inches  and  draw 
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the  line  Im.  From  and  above  the  line  ^^lay  off  a  distance 
of  6  inches  and  draw  a  dotted  horizontal  line ;  above  this 
line  lay  off  a  distance  of  2  feet  8  inches  and  draw  the 
line  n  o.  In  a  similar  manner  draw  the  sill,  post,  and  cap, 
etc.  about  the  center  line  5  5\  Projecting  from  Fig.  1 
draw  the  horizontal  lines /^  and  r /'  representing  the  upper 
and  lower  edges  of  the  stringers.  These  stringers  are 
30  feet  long  and  their  joints  are  staggered ;  the  joint  on  the 
center  line  /  f  is  represented  by  a  full  line,  while  that  on  the 
center  line  ^j'  is  a  dotted  line.  Projecting  from  Fig.  1  draw 
in  lead  pencil  horizontal  lines  representing  the  upper  and 
lower  edges  of  the  ends  of  the  ties.  From  and  to  the  right 
of  the  center  line  ss'  on  the  line  rs"  lay  off  a  distance  of 
3  inches  and  draw  a  vertical  line,  as  shown ;  on  each  side  of 
this  vertical  line  and  along  the  line  r/'  space  off  distances 
of  15  inches  and  draw  vertical  lines  through  each  of  the 
points;  to  the  right  of  each  of  these  vertical  lines  lay  off 
a  distance  of  9  inches  and  draw  vertical  lines  to  complete 
the  end  views  of  the  ties,  as  shown.  Projecting  from 
Fig.  1  draw  the  upper  edges  vw  and  lower  edges  f'u 
of  the  guard  rails,  which  are  notched  1  inch  over  the 
ties,  and  next  draw  the  horizontal  lines  xy^  etc.  repre- 
senting the  longitudinal  girts,  and  then  draw  the  diagonal 
braces,  as  shown.  Now,  to  the  left  of  the  vertical  line  eg 
and  to  the  right  of  dh  lay  off  a  distance  of  3  inches  and 
draw  vertical  lines  defining  the  sway-braces.  Then  draw 
in  the  bolts  from  dimensions  given  and  by  projecting 
from  Fig.  1. 

48,     Next    draw    Fig.    3.     Draw   the   horizontal   center 

line  X  x'  at  a  distance  of  3^  inches  below  the  top 
border  line.  The  student  should  experience  no  diffi- 
culty in  drawing  this  figure;  vertical  lines  should  be 
projected  from  corresponding  lines  in  Fig.  2,  and  all 
measurements  may  be  found  by  reference  to  Figs.  1 
and   2. 

The  reference  letters  printed  in  bold-face  italics  should  be 
omitted  on  the  drawing  made  by  the  student. 
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CONNECTIONS 

49.  In  this  plate  are  shown  two  designs  of  columns  used 
in  the  construction  of  modern  office  buildings,  and  a  common 
method  of  connecting  the  floorbeams  to  the  columns  is 
shown.  A  side  view  and  a  front  view  of  each  design  is  given, 
and  as  it  would  manifestly  be  impossible  to  draw  the  columns 
in  their  full  length,  and  since,  besides,  it  would  not  serve 
any  useful  purpose  to  do  so,  a  part  of  the  column  between 
the  base  and  the  floorbeam  connection  is  broken  away. 
When  this  is  done,  it  is  understood  that  the  part  broken 
aw^ay  is  similar  to  the  ends  of  the  column  next  to  the  break, 
which  in  this  case  is  indicated  by  drawing  a  line  consisting 
of  a  long  dash  and  two  dots  across  the  column.  Among 
mechanical  draftsmen  it  is  customary  to  indicate  a  break  by 
a  wavy  freehand  line,  but  many  architectural  draftsmen 
indicate  a  break  in  the  manner  shown  in  this  plate. 

60.  In  the  design  shown  by  Fig.  1,  the  column  consists 
of  two  channels  placed  back,  to  back  and  tied  together  by 

cover-plates.     A  cross-sec- 


1 
ill 


tion  of  this  column  is 
shown  in  Fig.  13  (a).  In 
the  design  shown  by  Fig.  2, 
the  column  is  built  up  of 
four  Z  bars  riveted  to  a 
web-plate,  the  column  hav- 
ing the  cross-section  shown 
in  Fig.  13  {/?).  The  columns 
in  both  designs  are  made  in  sections,  the  lower  section 
being  22'  S"  long.  The  upper  sections  are  spliced  to  the 
lower  sections  by  means  of  horizontal  ])]ates,  angle  irons, 
and  splice  plates,  the  joint  ;//  ;/  being  a  short  distance  above 
the  floorbeams. 


(a) 


(b) 


Fig.  13 


51.  In- the  drawings  there  will  be  noticed  several  conven- 
tionalities. There  are  a  niunbcr  of  rivet  holes  shown  black 
in  the   side  views   (the  views    having   the  center   lines  c  d 
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and  g  h)  of  both  designs.  This  indicates  to  the  shop  men 
that  the  rivets  destined  for  these  holes  are  so-called  field 
rivets ;  that  is,  they  are  to  be  driven  in  at  the  place  where 
the  structure  is  being  erected  and  after  the  columns  are  in 
place.  The  position  of  the  field  rivets  is  indicated  in  the 
front  views  (the  views  having  the  center  lines  a  ^and  e  f) 
by  blackening  in  the  position  of  the  holes.  According  to  the 
rules  of  drawing,  their  position  would  be  shown  by  dotted 
lines,  but  the  conventionalism  of  blackening  in  is  resorted 
to  as  better  calling  the  attention  of  the  workmen  to  the  fact 
that  the  rivets  destined  for  these  holes  are  field  rivets.  This 
common  usage  is  departed  from  only  in  the  case  where  the 
parts  through  which  the  field  rivets  pass  is  hidden  behind 
some  other  parts  of  the  structure.  Thus,  referring  to  the 
front  view  of  Fig.  1,  field  rivets  are  shown  as  passing  through 
the  plate  and  two  angle  irons  at  the  splice,  and  as  neither 
the  plate  nor  the  angle  irons  are  hidden,  their  position  is 
shown  in  black.  In  the  side  view,  however,  the  horizontal 
plate  at  the  splice  is  hidden  behind  the  splice  plate  and  the 
angle  irons  are  hidden  behind  the  splice  plate  and  the  legs  of 
the  channels;  consequently,  the  field  rivet  positions  are 
shown  in  this  view  by  dotted  lines. 

53.  All  the  rivets  that  are  to  be  driven  in  the  shop 
where  the  column  is  made  are  shown  in  position;  in  some 
drawing  rooms,  in  order  to  save  time,  the  rivets  are  omitted, 
their  position  being  merely  indicated  by  two  center  lines. 
In  order  to  show  the  rivets  clearly,  their  heads  are  shaded 
a  little  in  the  manner  shown,  using  the  bow-pen  for  the 
shading. 

53.  The  dimensions  of  the  channels,  I  beams,  and  Z  bars 
are  not  given  in  detail,  this  not  being  necessary  on  a  working 
drawing.  All  that  is  required  is  to  give  the  size  of  the 
channel,  etc.  The  notes  giving  the  sizes  are  read  as  follows : 
On  the  front  view  of  the  left-hand  design  we  find  a  note 
2_15*_33_22'-7|''  Q;  this  means  two  15-inch  channels, 
33   pounds  per    foot    of    length,    22'  71'  long.     The  note 
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on  the  front  view  of  the  right-hand  design  ^^4r^'  X  3^* 
-22.7-Z  Bars"  means  that  four  Z  bars  having  a  depth  of 
6  inches,  legs  3^  inches  wide,  and  weighing  22.7  pounds  per 
foot  of  length  are  to  be  used.  The  note  **  2-12''-40-I  Beams  " 
means  that  two  12-inch  I  beams  weighing  40  pounds  per 
foot  of  length  are  to  be  used.  The  note  '^  i'  X  3^  X  jY 
X  m'  Angle  "  means  that  an  angle  iron  with  legs  measur- 
ing 4  inches  and  3^  inches,  -^  inch  thick,  and  11^  inches 
long  is  to  be  used. 


*y' 


54,    In  order  to  aid  the  student  in  drawing  the  various 
parts  the  dimensions  of  which  are  not  fully  given  on  the 

,  plate,  sectional  views  of 

T  ^   them,  fully  dimensioned, 

are  given  in  Fig.  14. 

The  section  of  the 
10-inch  I  beam  is 
given  in  Fig!  14  («), 
of  the  12-inch  I  beam 
in  Fig.  14  (*),  of 
the  15-inch  channel  in 
Fig.  14  (r),  and  of  the 
Z  bar  in  Fig.  14  (d). 

In  Fig.  14  {a),  (*),  and 
(r),  the  dimensions  are 
given  in  decimals,  or  as 
they  appear  in  the  cat- 
alogue of  the  rolling 
mill.  Since  it  is  prac- 
tically impossible  to  lay 
off  these  decimal  dimen- 
sions to  a  scale  of  ly 
=  1  ft. ,  it  is  recommended 
to  use  the  nearest  six- 
teenths of  an  inch,  taking 
{dj  .19=iV,-24  =  i,.28  =  i, 

FIG.  14  .31  =  1%,  .40  =  f ,  .41  =  f , 

.46  =  ^V,  .50  =  ^V  .66  =  ii,  .67  =  H,   .^6  =  J,  .90  =  I 
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66.  All  rivets  in  these  two  designs  are  J  inch  diameter, 
having  a  head  IJ  inches  in  diameter  and  ^  inch  high.  The 
holes  to  receive  the  rivets  are  generally  punched  ^  inch 
larger  than  the  shank  of  the  rivet  (the  size  of  a  rivet  is 
denoted  by  the  diameter  of  the  shank  before  the  rivet  is 
driven),  so  that  the  rivet  holes  for  J-inch  rivets  are  punched 
fj  inch  diameter.  As  a  matter  of  course,  the  rivet  when 
driven  fills  the  hole,  so  that  the  driven  size  of  a  rivet 
=  nominal  size  +  -^  inch. 

56,  To  draw  the  plate,  begin  by  drawing  the  center 
lines,  locating  ab.cd^  ef  and  gh  respectively  2^",  6^", 
10\\',  and  14^'  from  the  left-hand  border  line.  The  top 
line  K  L  oi  the  floorbeams  is  to  be  located  7^^'  ^^d  the 
bottom  /  j  of  the  bases  \\^  above  the  lower  border  line. 
The  floorbeams  are  shown  broken  off  and  should  be  made 
about  the  same  length  in  proportion  to  their  depth  as  they 
appear  on  the  plate. 

The  reference  letters  printed  in  bold-face  italics  are  to  be 
omitted  on  the  drawing  made  by  the  student. 


DRAWTNG  PliATE,  TITIiE:   TURRET-114lTHE  T001J3 

57,  This  plate  represents  a  working  drawing  of  three 
tools  used  in  connection  with  a  turret  lathe,  viz.,  a  rougrli- 
Ing:  box  tool,  a  hollow  mill  holder,  and  a  releasing:  die 
holder. 

58.  The  roughing  box  tool  has  a  body  having  a  shank 
to  fit  a  hole  in  the  turret  of  the  machine ;  a  tool  post  and 
adjusting  washer  receives  the  turning  tool  (not  shown), 
which  is  clamped  by  means  of  the  tool-post  screw ;  two  back- 
rest jaws,  which  are  clamped  in  position  by  means  of  the 
back-rest  clamping  bolt  and  adjusted  by  the  back-rest  adjust- 
ing studs  and  nuts,  serve  to  steady  the  work  being  turned. 

69.  The  hollow  mill  holder  has  a  shank  to  fit  the  turret 
and  a  head  recessed  to  take  a  hollow  mill,  which  is  held  from 
turning  by  a  flat-pointed  y^^^^^  setscrew. 
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60.  The  releasing  die  holder  is  composed  of  a  sleeve 
and  a  die  holder;  the  latter  is  recessed  to  receive  a  die  for 
thread  cutting,  the  die  being*  held  by  four  pointed  ^-inch 
setscrews  with  fillister  heads.  (The  head  of  the  screws 
marked  ** Releasing  Die  Screws"  is  called  a  fillister  head 
by  the  trade.)  The  releasing  die  holder  permits  a  thread  to 
be  cut  up  close  to  a  shoulder  or  to  any  predetermined  length 
in  a  turret  lathe,  and  when  this  length  has  been  reached, 
the  die  is  left  free  to  revolve  with  the  work.  To  back  the 
die  off  the  work,  the  lathe  is  reversed  and  the  turret  moved 
backwards.  This  causes  the  ^^^-inch  pin  in  the  end  of  the 
shank  of  the  die  holder  to  drop  into  the  recess  at  the  end 
of  the  sleeve,  it  being  guided  into  it  by  the  helical  surface 
shown.  The  die  now  being  held  stationary  and  the  work 
revolving  backwards,  the  die  backs  off  the  work. 

61.  To  begin,  draw  the  center  line  ab  oi  the  front  and 
side  view  of  the  box  tool  at  a  distance  of  4}-f  inches  from  the 
upper  border  line.  Locate  the  center  c  of  the  end  view  at  a 
distance  of  TJ  inches  from  the  left-hand  border  line  and 
draw  the  end  view  from  the  dimensions  given.  To  the 
lower  left  of  the  end  view  is  shown  a  partial  view  of  the 
back-rest  part  of  the  body,  which  is  given  in  order  to  show 
clearly  the  location  and  depth  of  the  slot  intended  to  receive 
the  back-rest  jaws  and  also  in  order  to  show  the  location  of 
the  adjusting  studs  in  reference  to  the  slot.  This  view  is 
taken  in  the  direction  of  the  center  line  cd^  looking  towards^, 
and  can  readily  be  drawn  from  the  dimensions  given  and 
projecting  from  the  end  view  parallel  to  the  center  line  c  d, 

63.  The  side  view  can  be  drawn  partially  by  projecting 
over  from  the  end  view  and  partially  from  the  dimensions 
given  on  the  side  view.  The  thickness  of  the  lug  for  the 
back-rest  jaws  is  given  on  the  view  to  the  lower  left  of  the  end 
view.  The  center  line  ^^of  the  tool-post  boss  may  be  located 
at  a  distance  of  6  inches  from  the  right-hand  border  line. 

63.  To  draw  the  top  view,  begin  by  locating  the  center 
line  h  i  at  a  distance  of  2f\  inches  from  the  upper  border  line. 
Locate  the  center  of  the  boss,  which  reference  to  the  end 
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view  shows  to  be  at  a  distance  of  1 J  inches  from  the  center 
line  of  the  shank,  by  drawing  the  center  line  jk  to  inter- 
sect eg.  While  all  the  vertical  lines  can  be  projected  up  from 
the  side  view  and  some  of  the  horizontal  lines  can  be  drawn 
from  the  dimensions  given,  the  location  of  other  horizontal 
lines  must  be  determined  from  the  end  view.  Since  it  often 
occurs  in  making  drawings  that  a  third  view  must  be  con- 
structed by  reference  to  one  of  the  other  two  views  from 
which  points  or  lines  cannot  be  projected,  the  operation 
will  be  explained  in  detail.  The  center  line  //  /  of  the  top 
view  is  imagined  to  be  the  top  edge  of  a  plane  at  right 
angles  to  the  paper ;  and  in  the  end  view,  the  front  edge  of 
this  imaginary  plane  is  given  by  the  center  line  /;//  passing 
through  the  center  c  of  the  shank.  Suppose  we  want  to 
locate  the  edge  n  of  the  end  view  in  the  top  view.  Then, 
we  take  the  perpendicular  distance  of  ft  from  the  plane  Im 
with  the  dividers  and  lay  it  off  in  the  top  view  at  right 
angles  from  the  plane  //  i  and  upwards,  drawing  the  line  «' 
through  the  point  thus  laid  off.  In  case  of  doubt  as  to 
which  side  of  the  imaginary  plane  of  the  view  being  drawn 
a  certain  point  or  line  to  be  transferred  from  a  view  at  right 
angles  to  it  is  located  on,  simply  imagine  the  center  lines 
representing  the  edges  of  the  imaginary  plane  to  be  pro- 
duced until  they  intersect.  Then,  everything  within  the 
90°  angle  in  one  view  is  within  the  same  angle  in  the  other 
view;  likewise,  everything  within  the  270°  angle  in  one 
view  is  within  the  same  angle  in  the  other  view.  Thus,  if 
we  imagine  the  lines  // /  and  /;//  to  be  produced  imtil  they 
intersect,  the  edge  n  will  lay  within  the  270°  angle  and 
must,  consequently,  be  laid  off  from  h  i  upivards^  in  order 
to  be  located  in  the  same  angle  in  the  top  view.  With  this 
explanation  of  transferring  points  and  lines  from  one  view 
to  another,  the  student  will  experience  no  difficulty  in  com- 
pleting the  top  view. 

64,  The  body  having  been  drawn,  draw  the  tool  post, 
locating  its  center  line  1  j^  inches  from  the  left-hand  border 
line.     The  center  of  the  top  view  should  be  about  1^  inches 
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and  the  lower  end  of  the  tool  post  5f  inches  below  the  upper 
border  line.  It  will  be  noticed  that  the  hole  for  the  tool- 
post  screw  has  no  thread  shown  in  it,  the  information  that 
it  is  threaded  being  conveyed  by  the  note  ^*-f^'  Tap, 
ISThds."  On  working  drawings  a  thread  is  rarely  shown 
in  a  hole  which  is  to  be  tapped ;  the  general  rule  is  to  draw 
two  lines  a  distance  apart  equal  to  the  outside  diameter  of 
the  thread  and  to  place  a  note  on  the  drawing  stating  the 
size  of  tap  to  be  used.  This  practice  has  been  followed  on 
the  plate  **  Turret-Lathe  Tools." 

65.  The  center  line  of  the  adjusting  washer  may  be 
located  4f^  inches  from  the  left-hand  border  line;  the  center 
of  the  top  view  may  be  1^  inches  and  the  lower  end  of  the 
front  view  3f  inches  below  the  upper  border  line.  Locate 
the  center  line  of  the  tool-post  screw  ||  inch  below  the 
upper  border  line  and  the  right-hand  end  of  the  side  view 
8f|  inches  from  the  left-hand  border  line.  The  center  of 
the  end  view  may  be  J  inch  to  the  right  of  the  right-hand 
end.  The  center  line  of  the  back-rest  clamping  bolt  should 
be  drawn  2>-^  inches  below  the  upper  border  line ;  the  right- 
hand  end  of  the  side  view  may  be  placed  7|  inches  from  the 
left-hand  border  line  and  the  center  of  the  end  view  ||-  inch 
from  the  right-hand  end  of  the  bolt.  Locate  the  center  line 
of  the  adjusting  stud  5^^  inches  below  the  upper  border  line 
and  the  left-hand  end  3f  inches  from  the  left-hand  border 
line.  The  adjusting  nut  being  movable  on  the  stud,  it  may 
be  shown  in  any  convenient  position,  say  about  in  the  posi- 
tion shown.  The  top  line  of  the  back-rest  jaw  may  be 
drawn  7^  inches  below  the  upper  border  line  and  its  left- 
hand  end  may  be  located  ^  inch  from  the  left-hand  border 
line.  A  distance  of  f  inch  may  be  left  between  the  two 
views  of  the  jaw. 

66,  The  center  line  of  the  hollow  mill  holder  may  be 
located  3J  inches  above  the  lower  border  line  and  the  center 
of  the  end  view  5|  inches  from  the  left-hand  border  line.  A 
space  of  i  inch  mav  be  left  between  the  front  view  and  the 
side  view. 
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67.  The  center  line  of  the  releasing-die-holder  sleeve 
should  be  located  4i  inches  above  the  lower  border  line  and 
the  center  of  the  end  view  4:^  inches  from  the  right-hand 
border  line.  A  space  of  f  inch  should  be  left  between  the 
end  view  and  side  view.  The  right-hand  end  is  a  helical 
surface  having  a  pitch  of  J  inch ;  it  can  be  laid  out  by  means 
of  the  method  given  in  Geometrical  Drawings  laying  oflE 
helixes  of  \  inch  pitch  and  \  inch  diameter  and  \  inch  pitch 
and  \  inch  diameter.  In  the  machine  shop  this  helix 
would  be  cut  by  gearing  the  lathe  to  cut  a  thread  of  4  to 
the  inch  and  using  a  flat  side  tool  set  with  its  cutting  edge 
at  right  angles  to  the  center  line  of  the  sleeve.  The  center 
line  of  the  die  holder  should  be  located  2  inches  above  the 
lower  border  line  and  the  center  of  the  end  view  6  J  inches 
from  the  right-hand  border  line.  A  space  of  ^^  inch  should 
be  left  between  the  end  view  and  the  side  view. 

68.  The  releasing-die  screw  and  mill-holder  screw  should 
have  their  center  lines  drawn  IfJ-  inches  above  the  lower 
border  line.  The  center  of  the  end  view  of  the  mill-holder 
screw  may  be  placed  4fJ-  inches  and  the  center  of  the  end 
view  of  the  releasing-die  screw  7^  inches  from  the  left-hand 
border  line.  A  space  of  f  inch  should  be  left  between  the 
end  views  and  side  views  of  the  screws. 

69.  All  the  notes  on  the  drawing,  in  accordance  with 
the  most  general  practice,  are  written  in  capital  and  small 
letters,  the  former  being  ^^  ^i^ch  and  the  latter  -^^  inch  high. 
Detailed  instruction  for  this  style  of  lettering  have  been 
given  in  Geometrical  Drawing,  The  names  of  the  different 
parts  are  written  in  capitals  \  inch  high. 

70.  This  drawing  plate  differs  from  those  previously 
given  in  that  the  title  is  placed  in  the  lower  left-hand  corner. 
Different  drawing  offices  have  different  rules  in  regard  to 
titles  for  a  drawing;  some  insist  on  having  all  titles  placed 
in  the  lower  left-hand  corner  and  others  place  it  in  the  lower 
right-hand  corner;  more  rarely  one  of  the  upper  corners  is 
selected.  In  the  arrangement  of  the  title  and  the  informa- 
tion contained  therein,  practice  also  greatly  varies;  this  plate 
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simply  shows  the  practice  of  one  drawing  office,  giving  the 
name  and  place  of  the  firm,  the  title  of  the  drawing,  the  mate- 
rial, the  scale,  the  initials  of  the  persons  who  made  the  drawing 
and  checked  it,  the  date,  the  number  of  the  drawer  in  which 
the  tracing  is  kept,  a^d  the  number  of  the  drawing.  When  a 
number  is  given  to  a  drawing,  it  generally,  but  not  always  by 
kny  means,  gives  the  total  number  of  drawings  that  have  been 
made  in  a  particular  drawing  office.  Since  practice  varies 
so  much,  it  can  only  be  found  by  inquiry  at  the  office  where 
the  drawing  was  made  what  a  number  on  a  drawing  signifies. 

71.  To  draw  the  title,  construct  a  rectangle  3^  X 
2i  inches,  placing  it  ^  inch  from  the  left-hand  and  the  lower 
border  line.  Divide  it  vertically  into  four  equal  parts  and 
subdivide  each  of  the  two  lower  parts  into  two  equal  parts 
again;  then  draw  the  horizontal  lines  shown.  Divide  the 
three  lowest  divisions  horizontally  into  two  equal  parts  and 
draw  the  vertical  line  shown.  The  firm  name  is  printed  in 
a  style  of  letter  very  similar  to  a  block  letter,  the  letters 
being  -^j  inch  high.  The  location  of  the  firm  is  printed  in 
block  letters  i  inch  high,  excepting  the  first  letter  of  each 
word,  which  is  ^j  inch  in  height.  The  line  **  Turret-Lathe 
Tools  *'  is  a  light-face  block  letter  ^j  inch  high,  except  the 
first  letter  of  each  word,  which  is  y\  inch  high.  The  line 
**  For  No.  1  Turret  Lathe  "  is  printed  in  italics,  the  capitals 
and  numeral  being  ^  inch  high  and  the  small  letters  ^j  inch 
high.  The  next  line  is  printed  in  light-face  block  letters 
■^  inch  high,  and  the  succeeding  lines  are  written  free- 
hand in  the  same  style  used  in  all  the  notes,  the  capitals  and 
numerals  being  ^^  inch  and  the  small  letters  ■^:^  inch  high. 

It  is  optional  with  the  student,  as  far  as  the  first  five  lines 
of  the  title  is  concerned,  whether  to  write  them  in  the  free- 
hand style  used  for  the  last  three  lines  or  in  the  different 
styles  shown  on  the  plate. 

72.  The  number  appearing  in  the  right-hand  lower 
corner  is  to  be  made  -^^j  inch  high. 

The  reference  letters  printed  in  bold-face  italics  should 
be  omitted  on  the  drawing  made  by  the  student. 
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DRAWING    PliATE,    TITIiE :    COMMtTTATOR 

73.  This  plate  shows  the  detail  drawings  and  an  assem- 
bly drawing  of  a  dynamo  commutator.  It  is  composed  of  a 
spider  and  clamping  ring,  which  are  drawn  together  by 
eight  J-inch  bolts  and  clamp  190  commutator  bars  sepa- 
rated by  mica  insulation  .04  inch  thick.  The  commutator 
bars  are  insulated  from  the  spider  and  clamping  ring  by 
mica  rings  -^  inch  thick. 

74.  Begin  by  drawing  the  clamping  ring,  locating  its  hor- 
izontal center  line  4^  inches  below  the  upper  border  line  and 
its  vertical  center  line  2i  inches  from  the  left-hand  border 
line.  Leave  a  space  of  -J-J  inch  between  the  two  views.  In 
the  sectional  view,  which  is  a  section  taken  on  the  vertical 
center  line,  it  will  be  noticed  that  the  two  largest  diameters 
are  given  to  ten-thousandths  of  an  inch.  In  a  shop  where 
many  commutators  are  made  from  the  same  drawing,  the 
clamping  surfaces  (those  in  contact  with  the  insulation)  of 
the  clamping  ring,  spider,  and  commutator  bars  are  turned 
to  fit  gauges  prepared  by  the  toolmaker,  who  lays  out  the 
gauges  and  makes  them  to  suit  the  dimensions  given.  While 
it  cannot  be  expected  that  he  will  get  such  large  gauges  as 
are  here  required  correct  to  jiriinr  inch,  still  the  giving  of 
the  dimensions  in  such  a  small  subdivision  of  the  inch  calls 
his  attention  to  the  fact  that  great  accuracy  is  required. 
This  practice  of  giving  accurate  dimensions  in  decimals  and 
approximate  dimensions  of  a  machine  part  in  halves,  quar- 
ters, eighths,  sixteenths,  etc.  of  an  inch,  is  now  largely 
adopted  in  the  better  class  of  drafting  rooms,  the  purpose 
of  its  adoption  being  to  show  the  workman  at  a  glance 
which  parts  of  a  machine  part  require  to  be  very  accurate 
and  which  do  not  require  it,  thus  tending  to  prevent  the 
waste  of  time  incidental  to  needless  accuracy. 

75.  The  spider  consists  of  an  outer  shell  and  a  hub 
joined  together  by  eight  arms.  The  hub  has  a  keyway  for 
a  J'  X  i'  key,  which  is  let  half  into  the  shaft  and  half  into 
the  hub,  making  the  depth  of  the  keyway  in  the  hub  f  inch. 
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Locate  the  vertical  center  line  in  line  with  the  vertical  cen- 
ter line  of  the  clamping  ring  and  locate  the  horizontal 
center  line  3^  inches  above  the  lower  border  line.  Draw  this 
horizontal  center  line  clear  across  the  sheet,  as  it  also  serves 
for  the  assembly  drawing.  A  space  of  f  inch  should  be  left 
between  the  end  view  and  the  sectional  view  of  the  spider. 

76.  The  center  line  of  the  clamping  washer  and  clamp- 
ing bolt  should  be  located  7|  inches  from  the  left-hand 
border  line ;  the  top  of  the  head  should  be  2^^  inches  from 
the  upper  border  line.  Owing  to  the  small  scale  to  which 
the  bolt  is  drawn,  it  is  difficult  to  draw  the  correct  number 
of  threads  per  inch  (10),  and  hence  the  thread  is  shown 
exaggerated.  This  remark  also  applies  to  the  tapped  holes 
in  the  clamping  ring. 

77.  Locate  the  bottom  line  of  the  commutator  bar 
4^1  inches  below  the  upper  border  line  and  locate  the  right- 
hand  boundary  line  1[|  inches  from  the  right-hand  border 
line.  Locate  the  center  line  of  the  end  view  f  inch  from 
the  right-hand  border  line.  The  commutator  bar  is  dimen- 
sioned with  the  dimensions  required  by  the  toolmaker  for 
making  the  gauges  and  by  the  machinist  for  turning  it  to 
size;  consequently,  some  of  the  dimensions  required  for 
drawing  it  must  be  obtained  by  calculation.  Thus,  to 
obtain  the  depth  of  the  bar  at  the  center,  we  have 
14.5  inches  as  the  inside  diameter  and  21  inches  as  the  out- 
side diameter  of  the  ring  of  which  the  bar  is  a  segment. 

21 14  5 

Then,  the  depth  of  the  bar  is — —  =  3^^  inches.     Other 

dimensions  are  obtained  in  a  similar  manner.  In  regard  to 
laying  off  the  dimensions  given  in  decimals,  those  appearing 
on  the  detail  drawings  made  to  a  scale  of  3'  =  1  ft.  should 
be  laid  off  to  the  nearest  thirty-second  inch  (on  a  scale  of 
3'  =  1  ft.),  while  those  on  the  commutator  bar  should  be  laid 
off  to  the  nearest  sixty-fourth  inch  on  a  scale  of  6'  =  1  ft. 

78.  The  assembly  drawing  is  made  up  from  the  detail 
drawings,  drawing  first  the  spider  in  the  half-sectional  view ; 
then  the  commutator  bar,  the  follower,  and  the  clamping 
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bolt  should  be  drawn.  The  lower  half  of  the  side  view  can 
now  be  drawn.  In  order  to  get  the  assembly  drawing  within 
the  space  available,  only  half  of  the  end  view  is  shown,  it 
being  understood  that  the  omitted  part  is  similar  to  the  part 
shown.  In  a  working  drawing,  in  order  to  save  time,  it  is 
not  customary  to  show  all  the  commutator  bars  on  the 
assembly  drawing,  only  a  few  being  indicated,  as  shown. 
The  insulation  between  the  bars  being  only  .04  inch  thick, 
it  is  not  feasible  to  draw  it  to  a  scale  of  3'  —  1  ft.  and  define 
its  thickness  correctly  by  two  lines ;  consequently  the  thick- 
ness is  somewhat  exaggerated  in  the  drawing,  which  under 
the  circumstances  is  a  permissible  liberty.  Part  of  the 
mica  insulation  between  the  commutator  bars  and  the  spider 
and  clamping  ring  projects  beyond  the  end  surfaces  of  the 
bars;  it  is  wrapped  securely  with  a  layer  of  heavy  twine 
well  shellacked.  In  the  assembly  drawing,  the  vertical  cen- 
ter line  of  the  end  view  is  to  be  located  ^  inch  from  the 
right-hand  border  line  and  the  left-hand  surface  of  the 
spider  7^  inches  from  the  same  border  line. 


DRAWING   PliATE,   TITLE:    SHAFT   HANGER 

79.  This  plate  shows  a  drawing  of  a  liangrer  used  to 
support  shafting.  There  are  shown  a  side  view,  half  in  ele- 
vation and  half  in  section  on  the  line  Y Z^  part  of  a  top  view, 
part  of  a  bottom  view,  a  complete  longitudinal  section  on 
the  center  line  m  n  at  right  angles  to  the  plane  of  the  paper, 
and  two  small  sections  through  the  frame.  For  convenience 
in  describing,  the  different  views  will  be  numbered. 

Draw  Fig.  1  first,  which  shows  a  half  elevation  and  a  half 
section.  No  great  difficulty  should  be  experienced  in  draw- 
ing it.  It  will  be  noticed  that  the  journal-box  through 
which  the  shaft  passes  has  a  spherical  bearing ;  this  is  shown 
by  the  fact  that  the  radius  of  the  curve  is  the  same,  or 
\\  inches,  in  Fig.  1  and  Fig.  2,  the  latter  being  a  view  at 
right  angles  to  Fig.  1.  The  object  to  be  attained  by  making 
the  bearing  partly  spherical  is  to  provide  for  self -adjustment 
in  any  direction,  in  case  the  shaft  is  not  perfectly  straight. 
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Fig.  2  shows  very  plainly  how  the  shaft  may  be  adjusted 
vertically.  The  setscrews  A^  A  are  released,  and  the  large 
screws  B  and  B'  are  screwed  up  or  down,  according  as  the 
shaft  is  to  be  raised  or  lowered,  the  spherical  bearing  allow- 
ing of  adjustment  at  every  point.  The  setscrews  are  then 
screwed  down  or  set,  so  as  to  prevent  B  and  B'  from  chan- 
ging their  positions.  It  will  be  noticed  that  the  journal-box 
is  made  in  two  parts.  Fig.  2  is  a  section  on  a  line  fn  n  and 
shows  the  whole  length  of  the  hanger.  The  part  sectioned 
at  E  and  E  is  shown  in  Figs.  1  and  4  by  £  -£.  The  dotted 
lines  between  them  show  the  projection  of  the  boss  drawn 
at  Fy  in  Figs.  1  and  4,  but  not  seen  in  this  view.  The  lines 
forming  the  outline  EDE  E  show  the  projections  of  thie 
hanger  frame.  The  screws  B  and  B'  are  made  hollow  to 
lighten  them.  The  dotted  ellipse  in  B  is  the  projection  of 
the  rib  shown  at  L  in  Fig.  1. 

Fig.  3  is  a  bottom  view  as  far  as  the  line  C  C,  after  the 
oil  pan  and  screw  B'  have  been  removed.  D  is  the  projec- 
tion of  the  boss  D  in  Figs.  1  and  2,  through  which  the  set- 
screw  A  passes. 

Fig.  4  is  a  partial  top  view.  This  can  be  drawn  from  the 
dimensions  given  without  any  special  instructions. 

Fig.  5  is  a  section  through  CZ>,  Fig.  1,  and  G  H^  Fig.  2. 
It  shows  the  shape  of  the  frame,  which  is  also  shown  by  the 
dotted  outline  P,  in  Fig.  4.  This  section  is  drawn  more 
particularly  to  show  that  the  radius  of  the  curve  on  each 
side  of  any  section  of  the  vertical  part  of  the  frame  is  the 
same. 

Fig.  6  is  a  section  through  A  B,  Fig.  4,  and  I K^  Fig.  1 . 


DRAWING  PI^TE,  TITLE :    BENCH  VISE 

80.  This  plate  shows  a  bench,  vise  and  Its  details. 
A  drawing  of  this  kind  is  called  a  detail  drawing.  Fig.  1 
is  a  complete  top  view  and  Fig.  2  is  a  section  through  the 
center  line  CD.  The  remaining  figures  are  drawings  of  the 
different  parts,  or  details.  The  actual  practice  in  the  draw- 
ing room  would  be  to  draw  Figs.  1  and  2  first  and  then  the 
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details,  but  in  the  present  case  the  student  will  do  well  to 
draw  the  details  first,  as  it  will  help  him  in  drawing  the 
other  two  views,  particularly  since  nearly  all  the  dimen- 
sions are  given  on  the  details.  Following  out  this  plan,  leave 
space  for  Figs.  1  and  2  and  begin  by  drawing  Fig.  3.  This 
consists  of  three  views  of  the  jaw,  the  part  marked  A  in  Figs.  1 
and  2.  The  parts  marked  B,  C,  and  D  in  Figs.  1,  2,  and  3 
are  circular  in  shape,  so  as  to  pern.it  the  back  jaw  A  of  the 
vise  to  swing  when  the  pin  E  is  removed.  This  allows  the 
vise  to  hold  tapered  pieces  with  as  much  firmness  as  straight 
ones. 

Fig.  4  is  a  detail,  with  dimensions,  of  the  pin  E. 

Fig.  5  is  a  detail  of  that  part  of  the  vise  marked  F  in 
Figs.  1  and  2,  and  also  of  the  wrought-iron  nut  G,  The 
reason  that  only  a  part  of  the  nut  G  is  sectioned  in  Fig.  2  is 
that  a  conventional  method  has  been  used.  In  reality  the 
whole  of  the  nut  should  be  sectioned.  It  would  be  impos- 
sible to  take  a  section  of  the  nut  in  the  manner  shown. 

Fig.  6  shows  a  top  view,  longitudinal  section,  and  cross- 
section  of  the  front  jaw.  This  is  cored  out  to  admit  the 
screw  and  the  nut.  The  form  of  the  cored  part  is  shown  by 
the  longitudinal  section  and  cross-section  through  E  F  and 
A  B.  The  front  jaw  moves  in  and  out  with  the  screw,  as 
shown  by  Fig.  2,  the  collar  L  being  held  in  place  by  the 
small  setscrew.  This  is  sufficient,  since  there  is  no  stress 
on  the  collar  beyond  the  force  required  to  pull  the  jaw  out- 
wards, the  force  exerted  by  screwing  the  jaws  together 
coming  entirely  on  the  surface  J/ of  the  screw  head. 

A  separate  detail  drawing  of  the  screw  is  not  required, 
since  all  the  dimensions  are  given  in  Fig.  2.  The  threads 
of  the  screw  are  shown  the  way  they  really  appear,  but  the 
student  can  draw  them  in  the  conventional  way  explained  in 
Art.  24.  Figs.  1  and  2  can  now  be  drawn,  the  necessary 
dimensions  being  obtained  from  the  details. 

For  ordinary  shop  drawings,  the  details  are  usually  drawn 
to  a  larger  scale  than  the  general  drawings,  Figs.  1  and  2. 
In  this  case  the  size  of  the  plate  would  not  permit  an 
enlargement. 
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DBAWING  PliATE,  TlTIiE:    PBOFTLES  OF 

GEAR-TEETH 

81.  If  a  circle  is  rolled  on  a  straight  line  without  sliding, 
a  point  on  the  circumference  of  the  circle  will  describe  a 
curve  called  the  cycloid.  The  circle  is  called  the  grenera- 
ting  circle.  The  shape  of  the  curve  and  the  manner  of 
drawing  it  are  shown  in  Fig.  1.  Let  O  be  the  center  of  the 
generating  circle,  which  is  IJ  inches  in  diameter,  P  the 
point  on  the  circumference  of  the  generating  circle,  and 
A  B  the  straight  line  on  which  the  generating  circle  is 
rolled  and  which  is  equal  in  length  to  the  circumference  of 
the  generating  circle,  or  IJ'  x  3.1416  =  5.4978,  say  Scinches. 
The  generating  circle  should  be  so  placed  that  its  center  O 
lies  over  the  center  of  the  line  A  B^  as  shown.  Divide  the 
generating  circle  into  any  number  of  equal  parts,  in  this 
case  12,  or  P 1^  i-^,  2-S^  S-J^,  etc.,  and  through  these  points 
draw  lines  C  Dy  EF^  G  H^  etc.  parallel  to  the  line  AB. 
Through  the  center  O  of  the  generating  circle  draw  the 
radius  O  6.  Divide  each  half  of  the  line  A  B  into  half  the 
number  of  equal  parts  that  the  generating  circle  is  divided 
into,  as  A  i,  i-^,  2-3^  etc. ,  and  through  these  points  draw 
lines  perpendicular  to  A  B  terminating  in  the  line  G  H^ 
as  A  G,  1-1\  2-2\  3-S',  etc.  From  the  point  1\  with  a  radius 
equal  to  the  radius  of  the  generating  circle,  as  06  or  I'-l, 
describe  an  arc  intersecting  the  line  KL  in  the  point  P^ ; 
from  the  point  2\  with  the  same  radius,  intersect  the  line  // 
in  the  point  P* ;  from  the  point  3\  with  the  same  radius, 
intersect  the  line  GIf;  continue  in  a  similar  manner  with 
the  remaining  points  4.\  5\  7\  8\  etc.,  intersecting  the 
lines  EF  2ind  CD  m  the  points  P\P',P\P\  etc.  The 
points  A^  P\  P*,  P',  etc.  are  points  in  the  curve  through 
which  the  cycloid  may  be  drawn.  It  will  be  noticed  that 
when  the  center  O  of  the  generating  circle  coincides  with 
the  point  (7,  the  point  P  on  the  circumference  of  the 
generating  circle  coincides  with  the  point  A  ;  and  that  when 
the  generating  circle  is  revolved  towards  the  right,  without 
sliding,  until  the  center  O  coincides  with  the  point  1\  the 
point  P  will  coincide  with  the  point  P\    Thus  it  is  seen  how 
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the  point  P  passes  through  all  the  points  from  A  to  B^ 
namely,  A,  P\  P*,  P*,  etc.,  when  started  at  A  and  revolved 
towards  the  right  to  B, 

82.  If  the  generating  circle  is  rolled,  without  sliding, 
on  the  outside  of  the  circumference  of  an  arc  of  a  circle 
supposed  to  be  at  rest,  instead  of  being  rolled  on  a  straight 
line,  the  curve  described  by  a  point  P  of  the  generating 
circle  will  be  an  epicycloid. 

The  manner  of  drawing  such  a  curve  is  shown  in  Fig.  2. 
AB  is  the  arc  upon  which  the  generating  circle  is  rolled,  its 
center  being  at  5  and  its  radius  being  3^  inches.  The 
diameter  of  the  generating  circle  is  in  this  case  the  same  as 
in  Fig.  1,  or  IJ  inches.  Make  the  lengths  of  the  arcs  6  A 
and  6B  equal  to  half  the  length  of  the  circumference  of  the 
generating  circle,  by  first  calculating  the  length  of  half  the 
circumference  of  the  generating  circle  and  drawing  a 
straight  line  tangent  to  the  arc  A6B  at  6^  making  it 
equal  in  length  to  half  the  circumference  of  the  generating 
circle.  Then  make  the  arc  6  A  equal  to  this  line  by  means 
of  the  approximate  method  given  in  Geometrical  Drawing, 
Divide  the  arc  A6B  and  also  the  generating  circle  into  the 
same  number  of  equal  parts,  in  this  case  12,  as  A  i,  1-2^  2-3^ 
etc.  and  Pl^  1-2^  2-3^  etc.,  and  draw  radii  from  the  center  5 
to  the  points  of  division  on  the  arc  A6  B.  During  the  revo- 
lution of  the  generating  circle,  the  center  O  will  describe  an 
arc  mOn  concentric  with  the  arc  A  6B  and  having  the 
same  number  of  degrees  in  it  as  A  6  B,  Produce  the  radii 
just  drawn  to  the  arc  of  center  positions  m  O  «,  intersecting 
this  arc  in  the  points  ;;/,  1\  2\  3\  ^',  etc.  Through  the 
points  of  equal  divisions,  i,  ^,  ^,  etc.,  of  the  generating 
circle  pass  concentric  arcs  having  the  center  5,  as 
CD,EF,GIf,//,SLndKL.  With  the  points  1\2\S\4\ 
etc.  as  centers  and  radii  equal  to  the  radius  of  the  genera- 
ting circle  describe  arcs  cutting  the  arcs  KL,  //,  G  //,  etc.  in 
the  points  P\  /**,  /*',  etc.,  which  are  points  on  the  epicycloid. 

83.  When  the  generating  circle  rolls  on  the  inside  of  the 
arc,  the  curve  described  by  a  point  on  the  circumference  is 
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called  a  hypocycloid.  The  method  of  drawing  it  is  similar  in 
all  respects  to  that  just  given  for  the  epicycloid.  The  student 
should  be  able  to  construct  it  from  the  drawing  without 
further  explanation.  The  diameter  of  the  generating  circle 
is  IJ  inches,  as  before. 

84.  Suppose  that  a  string  is  wound  on  a  cylinder  and 
that  the  end  of  the  string  is  at  the  point  P  in  Fig.  3.  If 
this  string  is  unwound  from  the  cylinder,  keeping  it  con- 
stantly tight,  the  end  /^will  describe  a  curve  known  as  the 
Involute  of  the  circle,  or,  more  simply,  the  Involute. 
To  construct  it  geometrically,  let  O  be  the  center  of  the 
given  circle  representing  the  cylinder,  which,  in  Fig.  3,  is 
2}  inches  in  diameter,  and  /*the  free  end  of  the  string  when 
wound  on  the  cylinder.  Divide  one-half  of  the  given  circle 
representing  the  cylinder  into  any  number  of  equal  parts,  in 
this  case  6,  as  P 1^  1-2^  2-3,  etc.,  and  through  each  of  these 
points  draw  tangents  to  the  circle,  as  P*,  P*,  P',  etc.  To 
draw  these  tangents,  first  draw  the  radii  01^  02,  OS,  etc. 
and  then  draw  the  tangents  1  P\  2P^,  SP^,  etc.  at  right 
angles  to  them.  By  means  of  the  approximate  method 
given  in  Geometrical  Draiving,  find  the  length  of  the  arc  1 P 
and  make  the  length  of  the  tangent  1 P^  equal  to  this  length; 
of  the  tangent  2  P^  equal  to  twice  this  length ;  of  the  tangent 
S  P^  equal  to  three  times  this  length,  and  so  on.  The  curve 
drawn  through  the  points  P\  /*',  /**,  P*,  etc.  will  be  the 
required  involute.  The  use  of  these  curves  will  now  be 
explained. 

85.  On  the  plate  entitled  Spur  Gear- Wheels,  Fig.  1,  is 
shown  one-half  of  two  spur  gear-wheels  in  mesh.  The 
two  dotted  circles  tangent  to  each  other  at  P  are  concentric 
to  the  centers  of  the  gear-wheels  and  are  called  the  pitch, 
circles.  The  diameter  of  any  gear-wheel  is  always  under- 
stood to  be  the  diameter  of  its  pitch  circle  unless  it  is  specified 
as  diameter  at  root  or  diameter  over  all.  The  length 
of  that  part  of  the  pitch  circle  between  the  centers  of  any  two 
consecutive  teeth  is  called  the  circular  pitch,  or  simply 
the  pitch.     Thus,  in  the  last-mentioned  figure,  the  length 
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of  the  arc  a  b  is  equal  to  the  pitch  of  either  gear-wheel. 
When  the  gear-wheels  are  cut  in  a  gear  cutter,  the  width  of 
the  tooth  c  don  the  pitch  line  is  equal  to  the  space  df\  that 
is,  the  arc  c  d  is  equal  to  the  arc  d  f^  and  each  is  equal  to 
half  the  pitch.  When  the  gear-wheels  are  cast,  that  is, 
when  they  are  not  cut  in  a  gear  cutter,  clearance  is  given 
between  the  back  of  one  tooth  and  the  front  of  the  tooth 
following,  to  allow  for  inequalities  in  casting.  This  clear- 
ance, or  l)aekla.sli,  as  it  is  usually  termed,  is  generally  made 
equal  to  4j^  of  the  pitch.  This  is  done  by  making  the  thick- 
ness of  the  teeth  c  d  equal  to  .48  of  the  pitch. 

The  part  C  C,  of  the  tooth  that  lies  beyond  the  pitch  circle 
is  called  the  addendum,  and  the  part  C  C^  that  lies  below  it  is 
called  the  root.  The  face  of  the  tooth  is  the  part  CC,  C  C, 
Fig.  2,  of  the  tooth  above  the  pitch  circle,  extending  the 
whole  width  of  the  tooth.  The  flank  is  the  part  C  C^C"  C, 
Fig.  2,  of  the  tooth  below  the  pitch  circle,  extending  the  whole 
width  of  the  tooth.  The  terms  addendum  and  root  mean 
distances  only,  while  face  and  flank  mean  surfaces. 

The  usual  practice  is  to  make  the  addendum  equal  to  .3  -P, 
and  the  root  equal  to  A  P.  P=  the  circular  pitch.  The 
distance  C^  C\  is  called  the  whole  depth  of  the  tooth. 
The  method  of  describing  the  curves  of  teeth  shown  on  the 
plate  entitled  Profiles  of  Gear-Teeth,  Fig.  4,  is  a  convenient 
way  of  drawing  the  eycloidal,  or  double-curved  teeth. 
Cycloidal  teeth  are  constructed  by  making  the  outline  of 
the  face  a  part  of  an  epicycloid  and  the  flanks  a  part  of  the 
hypocycloid,  hence  the  name  double-curved  teeth. 

86.  In  Fig.  4  of  the  plate  entitled  Profiles  of  Gear-Teeth, 
let  A  B  be  part  of  a  pitch  circle  struck  with  a  radius  of,  say, 
5^  inches.  For  convenience  in  drawing  the  tooth,  let  the 
pitch  be  2  inches.  With  O  as  a  center,  which  is  the  center 
of  the  gear-wheel,  and  a  radius  ecjual  to  5i  inches  describe 
the  arc  A  B,  part  of  the  pitch  circle.  Through  O  draw  a 
straight  line  OS,  cutting  .1  B  in  /\  Take  the  radius  of  the 
generating  circles  S  P  and  S'  P  ctjual  to  IJ  inches  for  this 
case  and  describe  arcs  having  centers  at  ^'  and  S'  on  the 


52  MECHANICAL  DRAWING  §  14 

line  O  S,     With  O  as  center  and  (?  5  as  radius  describe 

the  arc  5,  5,.     In  connection  with  the  gear-wheel  teeth,  the 

generating  circles  are  frequently  called  describing:  circles. 

Roll  the  outer  describing  circle  upon  A  B  in  such  a  manner 

that  the  center  S  will  move  in  the  direction  of  the  arrow 

along  the  arc  5, 5,.    By  means  of  the  method  given  in  Fig.  2, 

find  the  points  P\  P*,  P*,  etc.  on  the  epicycloid  described 

by  the  point  P.     Trace  a  faint  curve  through  the  points  just. 

found  and  measure  off  on  the  pitch  circle  the  thickness  of 

the  tooth. 

PD  =  .48/  =  .48  X  2'  =  .96'. 

Make  E F=  the  addendum  =  .3  X/  =  .3  X  2'  =  .6'. 

With  6^  as  a  center  and  OF  sls  a  radius  describe  an  arc 
cutting  the  epicycloid  in  G.  Now  roll  the  inner  describing 
circle  on  A  B,  so  that  its  center  5 '  moves  in  the  direction 
of  the  arrow,  and  find  the  points  P^,  /*„  P^^  etc.  of  the 
hypocycloid  described  by  the  point  P,  through  which  trace 
a  faint  curve.  Make  £F'  equal  the  fiank  of  the  tooth 
=  .4/  =  .4  X  2'  =  .8',  and  with  6>  as  a  center  and  OF'  as  a 
radius  describe  an  arc  cutting  the  hypocycloid  in  C 
PC  is  the  outline  of  the  fiank  of  the  tooth  and  PG  that 
of  the  face.  Since  it  would  be  a  tedious  operation  to  draw 
all  the  tooth  curves  in  this  manner,  it  is  usual  to  approxi- 
mate the  curves  by  means  of  circular  arcs;  that  is,  to  find 
by  trial  a  center  Q  and  a  radius  QP  such  that  an  arc 
described  from  this  center  and  with  this  radius  will  pass 
through  the  points  on  the  curve  G  P  and  coincide  with  that 
curve  as  closely  as  possible ;  also,  to  do  the  same  with  regard 
to  the  curve  PG\  using  the  center  Q'  and  the  radius  Q' P. 
To  find  the  center  Q  or  Q'  of  these  circular  arcs  proceed  as 
follows:  With  Psmd  G  as  centers  and  any  radius  describe 
arcs  intersecting  in  C  and  C.  Draw  a  straight  line  through 
Cand  C;  the  center  Q  must  line  on  CC  to  the  left  of  G  P. 
Try  different  points  1,  2,  3,  4,  etc.  on  this  line  as  centers 
and  iGy  2  G,  etc.  as  radii,  and  see  if  one  of  the  arcs  struck 
with  either  one  of  these  centers  and  radii  will  coincide  with 
the  epicycloidal  curve  G  P.  Make  this  circular  arc  fit  the 
curve  for  a  short  distance   beyond   G — as  far  as  P*^  for 
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example ;  this  will  insure  the  arc  being  more  nearly  correct. 
This  should  be  done  in  every  case  when  finding  an  approxi- 
mate radius  of  this  kind.  Continue  in  this  manner  until  the 
point  Q  is  found  such  that  an  arc  struck  with  Q  3,s  3,  center 
and  QG  or  QPsls  a.  radius  will  coincide  as  closely  as  possi- 
ble with  GP,  If  a  circle  were  drawn  with  (?  as  a  center 
and  O  Q  SLS  3,  radius,  the  centers  of  all  the  circular  arcs  of 
the  faces  of  the  teeth  would  lie  in  this  circle,  and  the  radii 
of  these  arcs  would  be  equal  in  length  to  QP.  Hence,  to 
find  the  center  Q^  of  the  arc  D  H  forming  the  back  of  the 
tooth,  take  Z)  as  a  center  and  (2^  as  a  radius  and  describe  a 
short  arc  cutting,  in  (2i»  the  circle  passing  through  Q, 
Then,  with  Q^  as  a  center  and  the  same  radius  describe  the 
arc  DH,  In  a  similar  manner  find  the  center  Q*  and 
describe  PG\  also  D  H'.  Instead  of  letting  the  flank  form 
a  sharp  corner  at  the  bottom  of  the  tooth,  as  shown  dotted 
at  G\  it  is  usual  to  put  a  small  fillet  there,  as  shown  by  the 
full  line.  This  makes  the  tooth  stronger  and  less  liable  to 
break  or  to  crack  in  casting.  The  entire  tooth  outline  or 
curve  G PG'  or  H D H'  is  called  the  profile  of  the  tooth. 

87.  A  rack  is  a  part  of  a  gear-wheel  whose  pitch  circle  is 
a  straight  line;  the  tops  of  the  teeth  all  lie  in  the  same  plane.* 
A  portion  of  a  rack  and  one  tooth  are  shown  in  Fig.  5. 
Take  the  pitch  the  same  as  before,  then  the  addendum  and 
root  are  also  the  same,  that  is,  .6  of  an  inch  and  .8  of  an 
inch.  Take  the  radius  of  the  describing  circles  IJ  inches, 
as  before.  It  is  evident  that  the  tooth  profile  will  be  formed 
of  parts  of  cycloids  formed  by  rolling  the  describing  (gener- 
ating) circle  upon  the  pitch  line  A  B,  Draw  a  small  part  of 
the  cycloidal  curves,  as  shown  in  the  figure,  by  the  method 
given  in  Fig.  1;  lay  off  the  addendum  and  root  and  find 
the  approximate  radius  in  the  same  manner  as  in  the  last 
figure.  The  centers  of  the  curves  for  the  faces  and  flanks 
of  all  the  teeth  of  the  rack  will  evidently  lie  on  the  straight 


*  As  the  radius  of  a  circle  is  increased  indefinitely,  any  arc  of  the 
circle  approaches  more  and  more  to  a  straight  line;  and  when  the 
radius  becomes  infinite,  the  arc  becomes  a  straight  line. 
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lines  passing  through   Q  and  Q\  respectively,  and  parallel 
to  the  pitch  line  A  B. 

88,  In  Fig.  6  is  shown  the  manner  of  drawing  the 
involute,  or  slngle-eur>'e  tooth.  The  profile  in  this 
case  is  formed  of  a  portion  of  an  involute  curve  and  a  portion 
of  the  radius  of  the  pitch  circle.  The  circle  from  which  the 
involute  is  constructed  is  called,  in  this  case,  the  base 
circle.  To  find  it  draw  the  pitch  circle,  of  which  the 
arc  A  B  is  a  part,  with  a  radius  equal  to  h\  inches  and 
having  its  center  at  O.  Draw  any  radius  O  \V  cutting  the 
arc  A  B  in  D.  Through  D  draw  the  straight  line  E  F^ 
making  an  angle  of  To""  with  O  W.  With  O  as  a  center  and 
a  radius  to  be  found  by  trial,  draw  a  circle  tangent  to  E  F. 
This  circle,  of  which  the  arc  H  G  x^  di  part,  is  the  base  circle, 
and  cuts  O  W m  P.  Upon  this  circle  construct,  in  exactly 
the  same  manner  as  was  shown  in  Fig.  3,  a  portion  of  an 
involute  curve  passing  through  P.  Lay  off  the  addendum 
I K  =i  .6  inch,  and  with  (7  as  a  center  and  0 1 3.s  a  radius 
describe  an  arc  to  form  the  top  of  the  tooth,  intersect- 
ing the  involute  in  L.  That  part  of  the  flank  below  the 
base  circle  is  straight  and  is  a  part  of  the  radius  drawn 
to  the  point  J\  K P  is  the  root.  The  tooth  has  a  fillet 
at  L  and  R\  as  in  cycloidal  teeth.  A  circular  arc  is  passed 
through  the  points  L  and  P^  coinciding  as  nearly  as  possible 
with  the  involute  curve  LP.  Its  center  Q  is  found  in  the 
same  manner  as  in  Fig.  4.  For  involute  teeth  it  is  only 
necessary  to  find  the  one  center  Q\  the  centers  for  all  the 
remaining  teeth  lie  on  a  circle  having  O  as  a  renter  and 
passing  through  Q.  To  draw  the  other  side  of  the  tooth, 
lay  off  on  the  pitch  circle  M N  —  .Im;  inch,  as  before. 
With  J/ as  a  center  and  Q N ^=^Q  P ^<,  a  radius  draw  an  arc 
cutting,  at  0^,  the  circle  passing  through  0\  with  (2,  ^s  a 
center  and  the  same  radius  describe  the  part /'"/^  of  the 
tooth  profile  above  the  base  circle.  The  part  P^  R  below 
the  base  circle  is  a  part  of  the  radius  OP'. 

89,  In  drawing  any  of  the  curves  previously  described, 
the  greater  the  number  of  parts  into  \vhich   the  describing 
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or  base  circles  are  divided  the  greater  will  be  the  accuracy 
obtained.  The  profile  of  the  rack  tooth  used  for  involute 
gears  is  a  straight  line  making  an  angle  of  15°  with  a  line 
drawn  perpendicular  to  the  pitch  line.  Its  construction  is 
shown  in  Fig.  7. 

DEFINITIONS  AND    CALiCUI^TIONS 

90.  When  a  revolving  shaft  transmits  motion  to  another 
shaft  parallel  to  it  by  means  of  gear-  or  tooth-wheels  in  such 
a  manner  that  two  corresponding  points,  one  on  each  gear- 
wheel, always  lie  in  the  same  plane,  the  two  gears  are  called 
spur  gear-wliecls.  When  the  shafts  are  not  parallel, 
but  their  axes  intersect  in  a  point,  as  O  in  the  plate  entitled 
Bevel  Gears,  they  are  called  bevel  ifear-wheels.  If  two 
bevel  gear-wheels  that  work  together  have  pitch  diameters 
of  the  same  size,  they  are  called  miter  ^ear-wheels.  From 
what  has  preceded,  it  is  evident  that  the  circular  pitch  mul- 
ti plied  by  the  number  of  teeth  equals  the  circumferetue  of  the 
pitch  circle. 

Let  /  =  circular  pitch  of  gear-wheel; 

;/  =  number  of  teeth; 
d  =  pitch  diameter; 
t:  =  3.1416  (r:  is  pronounced  pi). 

Then,  ^^  =  '^,  (!•) 

or,  the  diameter  of  the  pitch  circle  equals  the  circular  pitch 
multiplied  by  the  number  of  teeth  divided  by  3.H16. 

P  =  ^,  (2.) 

or,  the  circular  pitch  equals  the  pitch  diameter  fnultiplied  by 
S.lJfW  divided  by  the  number  of  teeth. 

n  =  ^,  (3.) 

or,  the  number  of  teeth  equals  the  pitch  diameter  multiplied 
by  3.  IJflfj  divided  by  the  circular  pitch. 
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When  constructing  cycloidal  teeth  for  gear-wheels,  the 
diameters  of  the  describing  circles  are  usually  made  equal 
to  one-half  the  diameter  of  the  pitch  circle  of  a  gear-wheel 
having  12  teeth  of  the  same  pitch  as  those  of*  the  gear- 
wheel about  to  be  made. 

Let  d^  be  the  diameter  of  the  describing  circle ;  then, 

Addendum  =  .3/;  root  =  Ap\  thickness  of  teeth  for  cast 
gears  is  .48/,  and  for  cut  gears  ^/. 


DRAWING  PliATE,  TITLE:    SPLTl   GEAR-WHEELS 

91.  This  plate  shows  the  halves  of  two  cast  srear- 
"wheels  having  cycloidal  teeth,  which  work  together,  a 
cross-section  of  each  gear  being  also  given.  The  drawing 
is  full  size,  the  wheels  not  being  shown  entire  for  want  of 
room;  to  have  done  so  it  would  have  been  necessary  to  make 
the  drawing  to  a  reduced  scale.  The  pitch  is  1  inch,  the 
number  of  teeth  in  the  large  gear  is  36,  and  in  the  small 
one  18.  The  pitch  diameter  of  the  large  wheel  is  found  by 
formula  1  to  be 

d  =  =11.46  inches,  nearly. 

The  pitch  diameter  of  the  small  gear  = 

1  X  18 


3.1416 


=  5. 73  inches,  nearly. 


The  diameter  of  the  describing  circle  is  found  by  formula 
4  to  be 

^'  =  ;rv7T7;  =  1-91  inches, 
o.  141b 

For  all  practical  purposes,  the  diameter  of  the  describing 
circle  may  be  taken  to  the  nearest  16th  of  an  inch.  For 
circular   pitches  under  ^  inch,  approximate  the  diameter  of 
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the  describing  circle  to  the  nearest  32d  of  an  inch.     To  find 

the  nearest  16th  or  32d,  multiply  the  decimal  part  of  the 

diameter  by  16  or  32  and  take  the  nearest  whole  number  of 

the  product  as  the  number  of  16ths  or  32ds  that  the  decimal 

represents.     Thus,  in  the  above,  the  decimal   part  of  the 

diameter  is  .91  inch;  .91  X  16  =  14.56.     The  nearest  whole 

number  to  14.56  is  15;  hence,  the  diameter  of  the  describing 

circle  is  Iff  inches.     If  the  diameter  had  been  required  to 

the  nearest  32d,  .91  X  32  =  29.12;  29  is  the  nearest  whole 

number;  hence,  the  diameter  would  be  1||  inches.     In  this 

case,  take  the  diameter  as  Iff  inches,  approximating  to  the 

nearest   16th   for  all  circular  pitches  above  ^  of  an  inch. 

The  addendum  will  be  .3  X  1  inch  =  .3  inch;  the  root  =  .4 

X  1  inch  =  .4  inch;  and  the  thickness  of  the  tooth  on  the 

pitch  circle  =  .48  X  1  inch  =  .48  inch. 

Draw  the   line  of   centers  O  O'  between   the   two  axes. 

With  (9  as  a  center  describe  a  semicircle  having  a  diameter 

of  11.46  inches,  cutting  0  0'  in  P.      With  O'  as  a  center 

describe   a   semicircle   having   a   diameter   of   5.73    inches 

which  shall  be  tangent  to  the  first  circle;  this  semicircle 

also  cuts  O  O'  in  P,     These  are  the  pitch  circles.     Divide  the 

36 
larger  pitch  circle  into  — ,  or  18  equal  parts  by  using  the 

protractor.  This  is  accomplished  by  laying  the  protractor 
on  the  drawing  in  such  a  manner  that  the  center  of  the  pro- 
tractor coincides  with  the  center  O  of  the  gear-wheel  and 
then  laying  off  on  the  drawing  18  divisions,  each  equal 
to  10°.     The  reason  for  this  will  be  clear  when  it  is  remem- 

bered  that  there  are  360°  in  a  circle,  or  — ^—  =  180°  in  a  semi- 

circle,  and  as  there  are  18  teeth  in  the  semicircle,  180°  -f-  18 
=  10°,  which  is  the  angle  between  two  lines  drawn  from  the 
centers  of  any  two  consecutive  teeth  to  the  center  O,  In  a 
like  manner,  any  circle  may  be  divided  into  parts  by  using 
the  protractor.  Make  C  C,  =  .3  inch  =  addendum,  and  C C\ 
=  .4  inch  =  root.  With  (?  as  a  center  and  O  C,  and  O  C, 
as  radii,  describe  light  circles,  called  addendum  and  root 
circles,  to  represent   the  tops  and  bottoms  of  the   teeth. 
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» 
Consider  the  points  of  division  just  laid  off  on  the  pitch 

circle  as  the  centers  of  the  teeth,  and  lay  off  on  each  side 
one-half  of  the  thickness  c d  of  the  tooth,  or  .48.X  i 
=  .24  inch.  Upon  another  sheet  of  paper  strike  a  short 
arc  of  the  pitch  circle  and  construct  the  profile  of  the  tooth 
as  described  in  the  plate  entitled  Profiles  of  Gear-Teeth,  using 
describing  circles  \\\  inches  in  diameter.  Having  found 
the  centers  Q  and  (?,  of  the  circular  arcs  used  for  the  profiles 
of  the  teeth,  draw  circular  arcs  through  these  centers,  as  pre- 
viously described;  then,  with  O  (see  plate  entitled  vSpur  Gear- 
wheels) as  a  center  and  the  same  radii  describe  circles;  these 
circles  will  contain  the  centers  of  the  circular  arcs  which 
form  the  teeth  profiles.  With  the  point  -rif  as  a  center  and 
a  radius  equal  to  the  radius  of  the  face  of  the  tooth  (found 
on  the  other  sheet  of  paper  before  mentioned),  describe  an 
arc  intersecting  the  circle  of  face  centers  at  Q,  With  Q  as 
a  center  and  the  same  radius,  describe  the  arc  A  D  for  the 
face  of  the  tooth,  the  point  D  being  the  point  of  intersection 
of  A  I)  with  the  addendum  circle.  In  the  same  way  draw 
the  remaining  faces  of  the  teeth.  To  draw  the  flanks  take 
a  point  representing  the  intersection  of  a  tooth  profile  with 
the  pitch  circle  (the  point  />,  for  example)  as  a  center  and 
a  radius  equal  to  the  radius  of  the  flank  found  on  the  other 
paper  on  which  the  tooth  profile  was  drawn,  and  describe  an 
arc  intersecting  the  circle  of  the  flank  centers  in  Q^.  With  (?, 
as  a  center  and  the  same  radius,  describe  the  flank  curve, 
stopping  at  the  root  circle.  Draw  the  flanks  of  the  remain- 
ing teeth  in  the  same  way  and  then  put  in  the  fillets.  The 
remaining  part  of  Fig.  1  can  be  easily  drawn  from  the 
dimensions  given. 

Fig.  2  is  a  conventional  method  of  drawing  cross-sections 
of  gears.  The  hubs  and  rims  are  sectioned,  but  the  teeth 
and  arms  are  not.  This  is  similar  to  the  wheel  shown  on  the 
plate  entitled  Details.  This  method  of  sectioning  makes 
the  views  clearer  and  saves  the  time  spent  in  sectioning. 

In  Fig.  3  the  entire  gear  is  sectioned,  except  the  teeth. 
The  student  should  now  be  able  to  finish  the  plate  without 
further  instructions. 
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DRAWING   IM^ATE,   TITI^K :    BEVEIi  GEARS 

93.  To  draw  in  section  and  projection  two  cast  bevel 
g:eai*s  whose  axes  intersect  at  right  angles:  The  number  of 
teeth  in  the  large  gear  is  20,  in  the  pinion  10.  The  circular 
pitch  is  1  inch ;  the  teeth  are  to  be  of  the  cycloidal  form,  hav- 
ing a  face  2  inches  wide.  In  any  kind  of  gearing,  whether 
spur,  bevel,  or  spiral,  the  smaller  wheel  is  called  the  pinion. 

Calculate  the  pitch  diameters,  addenda,  roots,  and  descri- 
bing circles  by  the  same  rules  that  were  given  for  spur  gears. 

T^-        .        r     •    •  10x1  inch       ^  ^^- 

Diameter  of  puiion  =  — 7rTTT~. —  =  5.09  . 

Diameter  of  the  large  gear  =  — .,  ^  .  ,  . —  =  e.37^ 

0.14^10 

Diameter  of  describing  circle  =    —  =  1.91* 

o.  1410 

Take  this  as  1 }  J  inches,  as  in  the  last  plate. 

Addendum  =  .13  inch;  root  =  .4  inch.  The  sectional  view 
must  be  drawn  first.  Draw  PP'  and  through  some  point  P 
on  this  line  draw  J^'P^  perpendicular  to  it.  Lay  off  PP' 
equal  to  the  diameter  of  the  pinion  =  5.09  inches;  also  P^ /\ 
equal  to  the  diameter  of  large  gear  =  0.37  inches.  Bisect 
PP' ^nd  P' P^,  and  draw  O M i\\\d  ON  perpendicular  to 
those  lines  at  the  point  of  bisection;  they  intersect  in  O. 
(9 J/ and  ON  are  the  axes  of  the  two  gears  and  intersect 
at  right  angles  as  required.  Draw  POP^  and  P' O. 
Through  /^draw  A  /^ J/ perpendicular  to  OP.  Through  P' 
draw  M P' N  perpendicular  to  OP'  and  through  P^ 
draw  P^N  perpendicular  to  O  P^.  /^J/and  P'  M  intersect 
at  M  on  the  line  O  M\  P'  N  and  P^N  intersect  at  A^,  on 
the  line  ON,  Lay  off  P'  C,  PC\  and  P^  C\,  each  equal  to 
2  inches,  or  the  width  of  the  face  of  the  teeth;  these  lines 
are  called  the  i)ltc'li  lines,  and  the  width  of  the  face  of  the 
teeth  is  always  measured  on  these  lines.  Lay  off  PA  equal 
to  .3  inch  =  the  addendum,  and  P />  equal  to  .4  inch  =  the 
root.  Lav  off  /^'  /:  and  P'  J)  for  the  addendum  and  root  of 
the  other  side,  and  P'  E'  and  P'  J)^  for  the  addendum  and 
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root  of  the  large  gear.  All  these  addenda  and  roots  are 
each  equal  to  .3  inch  and  .4  inch,  respectively.  In  bevel 
gears,  all  straight  lines  of  the  tooth  profiles  pass  through 
the  point  of  intersection  O  of  the  axes ;  hence,  draw  A  (?, 
and  A  A'  will  be  the  projection  of  the  top  of  the  tooth. 
Draw  B  (9,  and  B  B '  will  represent  the  bottom  of  the  tooth, 
the  line  A'  CB'  being  perpendicular  to  OP,  Make  BF*, 
D  F^  D^  /\,  etc.  each  equal  to  \  inch,  according  to  dimen- 
sions. Join  P ^  Fy  F^,  and  F^  with  (9,  intersecting  the  per- 
pendiculars through  Cy  C,  and  C,  (namely,  the  lines  A'  CB\ 
etc.  produced)  at  G\  G,  G^,,  and  C,.  G'  G  and  G^  G^  will 
represent  the  bottom  of  the  gears.  The  rest  of  the  sec- 
tional part  can  be  drawn  from  the  dimensions. 

93.  To  show  the  shape  of  the  teeth,  proceed  as  follows : 
For  the  large  gear,  take  TV  as  a  center,  NP'  as  a  radius, 
and  describe  an  arc.  Choose  a  point  If  and  lay  oK  H H* 
=  .48  times  the  pitch  =  .48  inch,  or  the  width  of  the  tooth. 
With  N E'  and  N  D^  as  radii,  describe  the  addendum  and 
root  circles.  Roll  the  describing  circles  upon  the  arp  whose 
radius  is  N P'  and  construct  the  tooth  profile  in  exactly 
the  same  manner  as  in  Fig.  4  of  the  plate  entitled  Profiles 
of  Gear-Teeth,  QH  2ind  Q^H'  being  the  radii  of  the  faces 
and  flanks.  To  show  the  shape  of  the  same  tooth  at  C, 
draw  C  N"  perpendicular  loO  P\  or,  what  is  the  same  thing, 
parallel  to  NP'.  With  N'  C  as  a  radius  and  TV  as  a  cen- 
ter, describe  an  arc.  Draw  iV//^  and  N H\  and  the  distance 
between  the  points  of  intersection  on  the  arc  just  drawn, 
measured  on  that  arc,  will  be  the  pitch  of  the  gear  at  the 
iJottom  of  the  tooth.  With  the  same  center  and  N"  E^ 
and  iV  E^  as  radii,  describe  arcs  representing  the  addendum 
and  root  circles.  Draw  TV  (2  and  N  Q^^  also  Q  H  and  Q^  H\ 
Through  K  draw  KQ  parallel  to  H  Q,  and  through  AT' 
draw  K'  (2,  parallel  to  H'  Q^;  the  points  of  intersection  Q* 
and  Q^  of  these  lines  with  N  Q  and  NQ^  are  the  centers  for 
the  face  and  flank  of  the  tooth  at  K  and  AT'.  Circles  pass- 
ing through  these  points  concentric  with  TV  contain  the 
centers  of  all  the  circular  arcs  forming  the  tooth  profiles 
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that  may  be   laid  off  upon  the  arc  whose  radius  is  N  K, 
The   whole    process    is   called  developinfif  the    teetli    of 
bevel  gr^ars. 

In  the  same  manner  construct  the  tooth  curves  for  the 
pinion,  using  the  same  describing  circles,  Iff  inches  in  diam- 
eter, and  MP\  AT  C  as  radii,  instead  of  NP'  and  N'  C. 

94.  To  construct  the  other  view,  draw  first  the  projec- 
tion of  the  pinion.  Draw  the  center  line  m  n.  Produce  the 
lines  FF\  D  B^  P'  P^  and  E  A  across  the  drawing,  as  shown. 
Choose  a  point  5  on  m  n  as  a  center  and  draw  a  quadrant 
with  a  radius  equal  to  the  radius  of  the  pinion,  as  S  P, 
Project  the  points  D  and  £  upon  MO  in  D^  and  E^,  With  5 
as  a  center  and  the  distances  E^  EsLnd  D^  D  as  radii,  describe 
quadrants  to  represent  the  tops  and  bottoms  of  the  teeth, 
that  is,  the  projection  of  the  addendum  and  root  circles  of 
the  pinion  in  Fig.  2.  Since  the  whole  pinion  contains 
16  teeth,  the  quadrant  will  contain  4  teeth;  hence,  divide 
the  quadrant  into  4  equal  parts  on  the  pitch  circle  to  repre- 
sent the  centers  of  the  teeth.  Lay  off  on  each  side  of  the 
points  of  division  distances  ge  and  gb^  each  equal  to  one- 
half  the  thickness  of  the  tooth.  On  each  side  of  the  points 
of  division  on  the  addendum  circle  lay  off  hf  and  h  r,  each 
equal  to  one-half  the  thickness  of  the  top  of  the  tooth  J K^ 
Fig.  1,  measured  on  the  addendum  circle.  On  each  side  of 
the  points  of  division  on  the  root  circle  lay  off  id  and  la, 
each  equal  to  one-half  the  thickness  of  the  tooth  at  the  root, 
as  O  P^  Fig.  1,  measured  on  the  root  circle.  Having  now 
three  points  on  each  side  of  all  the  teeth  to  the  right  of  the 
center  line  ;//«,  project  them  upon  the  lines  EA^  P' P^ 
and  D  B^  produced  as  shown.  For  example,  project /"  and  r 
upon  E  A  in  /'  and  c' ;  e  and  b  upon  P'  P  in  e'  and  V ;  d  and  a 
upon  DB  in  d'  and  a'.  Draw  a  curve  through  these 
points,  either  by  using  an  irregular  curve  or  by  circular  arcs. 
This  remark  also  applies  to  the  other  curves  shown  in  the 
quadrant. 

96.  The  tooth  curves  in  Fig.  1  must  be  drawn  as  accu- 
rately as  possible,  but  those  shown  in  Fig.  2,  being  oblique 
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projections,  are  drawn  to  satisfy  the  eye,  and  no  particular 
accuracy  is  required.  To  find  the  points  on  the  tooth 
curves  at  the  bottom  of  the  pinion,  describe  a  circle  having 
a  center  O^  uj-Km  ///;/,  which  shall  \ye  tangent  to  PP'  and 
have  a  diameter  equal  to  ^j.37'  =  the  diameter  of  the  large 
gear.  Through  />'  and  A\  Fig.  1,  draw  lines  parallel 
to  O O^;  also  draw  other  lines  through  O^  and  the  points^', 
y,  c\  etc.,  cutting  the  lines  first  drawn  in  d'\  f'\  c'\  etc. 
Two  points  are  considered  enough  in  this  case,  as  the  curves 
are  very  short.  They  may  be  drawn  in  with  the  irregular 
curve  in  the  same  manner  as  the  tops.  The  other  teeth  are 
drawn  in  a  similar  manner.  Draw  the  middle  tooth  first. 
The  left-hand  half  of  the  pinion  is  exactly  the  same  as  the 
right-hand  half. 

Ofi.  To  draw  the  projection  of  the  large  gear,  project 
the  j>oints  /:',  />,,  /.,  and  R  upon  the  axis  O  iV,  in  the 
points  /:\,  />>„  7.^,  and  A^,,  and  with  O^  as  a  center  and  radii 
equal  to  /:\  Ii\  D^  /^„  L^  L,  and  A,  R,  describe  circles  to 
represent  the  addendum  and  root  circles  of  the  tops  and  bot- 
t<Mns  (}f  the  teeth  in  Fig.  2.  Divide  the  pitch  circle  into 
20  equal  parts,  to  correspond  with  the  number  of  teeth  in 
the  larg<;  gear,  beginning  with  the  point  of  intersection  of 
the  pitch  circle  with  the  center  line  ;;/;/.  Lay  off  on  each 
side  of  these  pitch-circle  divisions,  distances  equal  to  one- 
half  the  thickness  of  the  teeth  =  one-half  of  If  H'  in  Fig.  1. 
By  exactly  the  same  method  that  was  used  to  lay  off  the 
thickness  of  the  teeth  at  the  top  and  bottom  on  the  quad- 
rant, lay  off  the  thickness  of  the  top  and  bottom  of  the 
teeth  on  the  addendum  and  root  circles  in  Fig.  2.  Draw 
the  bottoms  of  the  teeth  in  exactly  the  same  manner  as  the 
bottoms  of  the  pinion  teeth  were  drawn. 

All  the  teeth  of  the  large  gear  are  alike  in  the  projected 
.view. 

i)7,  l^evel  gears  are  always  measured  according  to  their 
larjj^est  pitrli  dianieter,  as  P P'  and  /-*'  7^,.  Tf  a  bevel  gear 
were  spoken  of  as  Vl  inches  in  diameter,  it  would  be  under- 
stood that  the  largest  pitch  diameter  was  12  inches. 
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DRAWIXG    PJLATP],  TITT^K :    imUSH   HOIiBER 

98.  This  drawing  plate  is  a  complete  working  drawing 
of  the  left-hand  brush  holder  for  a  15-horsepower  motor  and 
is  designed  for  the  use  of  carbon  brushes,  there  being  four 
brushes,  two  in  each  holder.  The  carbon  brushes  ^,  a  are 
clamped  by  means  of  the  setscrews  l\  b  to  the  clamps  r,  r, 
which  are  free  to  slide  in  rectangular  holes  in  the  body  d  oi 
the  brush  holder.  The  setscrews  /?,  b  do  not  bear  directly 
against  the  brushes,  but  against  a  brass  shoe  i:.  A  thorough 
electric  connection  between  the  carbon  brushes  and  the  body 
of  the  holder  is  insured  by  flexible  No.  12  cables/",  /",  which 
are  composed  of  strands  of  copper  wire  covered  with  insula- 
ting material.  The  outside  diameter  of  these  cables  is 
oV  inch,  about.  The  carbon  brushes  are  held  against  the 
commutator  by  hammers  g,  g  operated  by  springs  //,  //. 
The  hammers  are  pivoted  to  brackets  d'  cast  in  one  with  the 
!)ody,  and  the  springs  are  so  hung  that  when  the  hammers  are 
rotated  away  from  the  brushes,  the  springs  will  come  to  the 
other  side  of  the  center  around  which  the  hammers  turn 
and  thus  hold  the  hammers  awav  from  the  brushes.  The 
springs  are  hooked  over  lugs  on  the  body  at  one  end  and 
over  arms  projecting  from  the  hammers  on  their  other  end. 
In  order  to  insulate  the  brush  holder  from  the  frame  of 
the  machine,  it  is  fastened  to  a  piece  of  hardwood  i  by 
two  -j'V-inch  rivets  and  one  No.  10  wood  screw  \  inch  long. 
The  piece  of  hardwood  is  fastened  to  the  frame  k  of  the 
machine  by  a  i-inch  capscrew  as  shown. 

99.  Begin  drawing  the  plate  by  drawing  the  end  view, 
locating  the  horizontal  center  line  passing  through  the  center 
of  the  rivet  serving  as  a  fulcrum  for  the  hammer  at  a  dis- 
tance of  3jY  inches  below  the  upper  border  line  and  locating 
the  vertical  center  line  '^\  inches  from  the  right-hand  border 
line.  The  end  view  is  to  be  drawn  first  because  it  is  the 
only  view  in  this  particular  instance  in  whit  h  everything 
can  be  drawn  without  having  to  project  from  another  view. 
For  several  of  the  dimensions  it  is  necessary  to  refer  to  the 
top  view.     Tlie  main   part   of  the   hammer  is  flat  and  has 
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joined  to  it  a  handle  having  a  circular  cross-section.  The 
flat  and  round  part  coming  together  cause  the  intersection 
curve  shown  at  /.  The  distance  that  the  flexible  cord  / 
projects  from  the  left-hand  face  of  the  body  is  not  given  on 
the  drawing,  as  this  information  would  be  useless  on  a  work- 
ing drawing.  For  the  information  of  the  student  it  is  here 
given,  being  IJ  inches.  It  is  a  general  and  a  good  rule  with 
draftsmen  not  to  give  any  dimensions  on  a  drawing  unless 
they  serve  a  useful  purpose ;  everything  superfluous  is  to  be 
left  off.  The  shoe  e  is  marked  No.  18  sheet  brass;  the 
corresponding  thickness  is  .04  inch,  nearly. 

It  will  be  observed  that  the  spiral  spring  h  is  not  drawn 
the  way  it  actually  appears,  but  that  it  is  drawn  convention- 
ally. This  is  merely  done  in  order  to  save  the  draftsman's 
time,  as  the  note  **  Spiral  Spring  Piano  Wire,  No.  28,  f  rf," 
appearing  in  the  top  view  supplies  the  necessary  information 
to  the  mechanic. 

100.  The  end  view  having  been  completed,  the  top 
view  should  be  drawn  next,  locating  the  center  of  the  ^-inch 
capscrew  fastening  the  hardwood  strip  i  to  the  frame  3-j^ 
inches  from  the  left-hand  border  line.  This  view  is  drawn 
partially  from  the  dimensions  given  and  partially  by  pro- 
jecting over  from  the  end  view.  The  springs  h  being  at  an 
inclination,  they  appear  foreshortened  in  the  top  view,  and 
their  length  in  the  top  view  must  be  determined  by  project- 
ing over  from  the  end  view.  Each  spring  is  hooked  over  a 
horn  cast  on  the  body  //,  a  cylindrical  ring  being  formed  on 
the  ends  of  the  springs  for  this  purpose.  Owing  to  this 
ring  being  at  an  inclination,  it  will  show  elliptical  in  the 
top  view.  The  outside  diameter  of  this  ring  is  ^^  inch.  The 
heads  of  the  -^^^  X  If'  rivets  have  a  radius  of  ^y  inch  and 
are  \  inch  high.  The  head  of  the  No.  10-24  round-headed 
machine  screws  is  \\  inch  diameter  and  -^^  inch  high;  the 
diameter  of  a  No.  10 machine  screw  is.  189  inch,  say  -flinch. 
The  head  of  the  No.  8-32  round-headed  machine  screws 
is  -j'^jp  inch  diameter  and  -^  inch  high;  the  diameter  is 
,J63   inch,    say   W   inch.       Machine    screws    are    mad^    ip 


§  14  MECHANICAL  DRAWING  65 

accordance  with  the  standard  American  screw  gauge  adopted 
by  all  manufacturers  of  screws ;  for  this  reason  it  is  only  nec- 
essary on  a  drawing  to  specify  the  gauge  number  of  the 
screw,  the  number  of  threads  per  inch,  and  the  length,  which 
latter  is  always  measured  under  the  head,  except  in  flat- 
headed  screws,  where  the  length  is  measured  over  all. 
Wood  screws  are  measured  by  the  same  gauge  as  machine 
screws  and  bear  the  same  number.  The  heads  of  the  No.  10 
wood  screws  are  |^  inch  diameter.  The  diameter  across  the 
flats  of  the  head  of  the  J-inch  capscrew  is  fj  inch ;  the  height 
of  the  head  is  ^  inch.  The  ^^-inch  setscrews  have  a  head 
A  inch  high  and  measuring  ^  inch  across  the  corners. 

101.  To  draw  the  side  view,  begin  by  locating  the 
edge  ;«,  which  corresponds  to  the  surface  m  in  the  end  view, 
at  a  distance  of  1 J  inches  above  the  lower  border  line.  The 
view  is  to  be  drawn  partially  by  projecting  down  from  the 
top  view  and  partially  by  transferring  measurements  from 
the  end  view,  as  explained  in  connection  with  the  drawing 
plate,  title:  Turret-Lathe  Tools.  In  order  to  have  a  line 
in  the  end  view  from  which  to  measure,  the  line  represent- 
ing the  surface  m  should  be  produced  in  lead  pencil ;  in  the 
side  view  the  edge  m  will  then  represent  an  edge  of  the  same 
plane  defined  in  the  end  view  by  the  lead-pencil  line  just 
drawn.     The  shading  of  the  flexible  cords  is  done  freehand. 

102.  The  center  line  of  the  brass  pin  is  to  be  located 
4 j^  inches  from  the  right-hand  border  line ;  the  center  of  the 
top  view  is  to  be  placed  5^  inches  above  the  lower  border  line 
and  a  distance  of  -^  inch  is  to  be  left  between  the  two  views. 

103.  The  first  line  of  the  title  is  a  block  letter  -^  inch 
high,  the  second  line  is  ^^  inch  high,  and  the  third  -^  inch 
high.  The  fourth  and  fifth  line  is  written  freehand,  the 
capitals  being  ^  inch  and  the  small  letters  \  inch  high.  The 
sixth  line  is  composed  of  capitals  ^  inch  high,  except  the  first 
letter  of  each  word,  which  is  \  inch  high.  The  seventh  line 
is  composed  of  capitals  ^  inch  high  and  the  eighth  line  is  the 
same  as  the  fourth  and  fifth.  The  student  is  advised  to 
practice  the  block  lettering  shown  in  this  title,   but  if  h^ 
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desires  it  he  mav  substitute  the  freehand  letter  shown  in  the 
fourth  line. 

ICMr.  In  the  upper  left-hand  corner  will  be  found  a  list 
(}i  the  different  parts  needed.  It  is  the  practice  in  many 
shops  to  have  such  a  list  on  the  drawing  for  convenience  of 
reference.  Draw  the  bottom  line  of  the  list  4J^  inches  below 
the  upper  border  line  and  draw  the  upper  line  3J  inches  above 
the  bottom  line  and  divide  the  space  between  the  two  into 
17  equal  spaces.  Draw  the  left-hand  line  of  the  list  \  inch 
from  the  left-hand  border  line  and  the  right-hand  line 
4}  J  inches  from  the  border  line.  To  the  right  of  the  left- 
hand  border  line  of  the  list  draw  vertical  lines  at  a  distance 
of  \  inch,  I  inch,  ')/^  inches,  and  3^  inches,  respectively. 
Then  write  in  freehand,  in  the  style  of  lettering  shown,  all 
the  contents  of  the  list. 

The  student  must  omit  on  his  drawing  the  reference 
letters  printed  in  bold-face  italics. 


RRA.DING    A    AVORKING    DRAWIXG 

105.  The  following  general  method  of  procedure  has, 
by  experience,  been  shown  to  be  conducive  to  the  accurate 
and  rapid  reading  of  a  drawing  made  in  projection.  Firsts 
if  the  drawing  is  dimensioned,  ignore  the  existence  of  the 
dimension  lines  and  dimensions  entirely  until  after  the 
general  shape  of  the  object  is  fixed  on  the  mind.  Second^  by 
referring  to  the  several  views,  form  an  idea  of  the  sh^pe  of 
the  main  IaixIv  of  the  object ;  that  is,  observe  if  its  outline 
shr)ws  it  to  be  a  (  ube,  a  sphere,  a  cylinder,  a  cone,  a  pyramid, 
etc.,  or  a  combination  of  several  of  these  elementary  forms. 
Th('  shape  of  the  main  body  having  been  impressed  on  the 
mind,  observe  how  it  is  modified  by  details,  determining,  by 
ref(!r(*nce  to  the  several  views,  whether  they  project  from 
tin*  main  body  or  are  recesses,  or  holes.  Filial!)^  by  refer- 
ring to  the  dimensions,  form  an  idea  of  the  relative  sizes  of 
the  (Mniiponent  j)arts.  Pay  due  regard  to  all  conventional 
representations  that  may  have  been    used;   for  instance,  do 
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not  become  confused  if  the  arm  of  a  pulley,  or  a  rib,  which, 
truly  speaking,  should  have  been  in  section,  is  shown  in 
full.  If  two  half  sections  are  placed  on  either  side  of  a 
common  center  line,  remember  that  each  half  must  usually 
be  viewed  independently  of  the  other  and  must  be  mentally 
completed. 

106,  When  reading  a  drawing  in  which  the  views  are 
correctly  placed,  it  is  often  a  great  aid  to  project  points  or 
edges  of  some  part  the  shape  of  which  is  doubtful  over  to 
another  view  by  the  aid  of  a  straightedge,  in  order  to  find 
the  location  of  the  doubtful  part  in  another  view.  When 
the  views  are  not  placed  in  their  correct  relative  positions, 
this  cannot  be  done.  An  example  of  a  case  of  this  kind  is 
given  in  the  plate  Compound  Rest,  and  in  reading  a 
drawing  with  the  view  thus  placed,  the  reader  is  supposed 
to  constantly  imagine  that  the  views  are  in  their  correct 
relative  positions;  with  a  little  practice  this  will  be  found  to 
be  quite  easy. 

107,  In  a  case  of  this  kind,  it  is  manifestly  impossible 
to  project  points  or  lines  from  one  view  to  the  other  by 
means  of  a  straightedge,  and  a  different  method  must  be 
followed.  Select  some  surface  whose  projection  appears  in 
both  views,  or  a  center  line ;  now  place  a  pair  of  dividers  so 
that  one  point  rests  on  the  projection  of  the  surface  or 
center  line  selected,  and  open  them  until  the  other  point 
reaches  the  point  or  line  whose  projection  it  is  desired  to 
find  in  the  other  view.  Then  place  one  point  of  the  dividers 
on  the  line  representing  the  selected  surface  in  the  second 
view,  and  move  the  dividers  along  this  line  until  a  line,  or 
the  projection  of  a  line,  is  found  to  coincide  with  the  other 
point  of  the  dividers.      Examples  of  this  will  appear  later  on. 

In  order  to  aid  the  student  to  read  a  drawing,  we  have 
selected  the  plate  Compound  Rest  and  will  show  in  detail 
by  what  process  of  reasoning  this  drawing  is  read. 

108,  To  find  the  shape  of  the  different  parts  and  also 
to  discover,  if  possible,  the  relation  between  them,  we  must 
commence  our  investigation  somewhere.     Let  us  choose  the 

C.    IV.-u 
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bottom  of  the  front  view.  Looking  at  this  it  is  noticed 
that  a  partial  section  is  shown,  from  which,  by  reason  of  the 
section  lining  running  in  opposite  directions,  we  conclude 
that  A  and  B  are  separate  parts.  At  the  right  and  left  of 
the  front  view,  the  full  lines  c,  c  show  that  some  part  of  A 
is  higher  than  the  bottom  of  B^  but  we  do  not  know  whether 
these  lines  denote  the  top  surfaces  of  projecting  parts 
between  which  B  is  fitted,  or  if  c  is  the  top  surface  of  a 
raised  strip  of  some  kind  that  extends  clear  through  the 
inside  oi%B,  In  order  to  settle  this  question,  we  note 
whether  the  top  surface  is  continued  somewhere.  Looking 
at  the  front  view  it  is  seen  that  the  line  c  is  dotted  clear 
thr6ugh  By  which  settles  conclusively  that  the  part  whose 
top  surface  is  shown  by  the  line  r  is  a  raised  strip  extending 
clear  through  B\  this  fact  immediately  implies  that  B  has  a 
groove  of  some  kind  running  through  it  longitudinally  in 
order  to  admit  the  raised  strip. 

Referring  now  to  the  sectional  view,  which,  as  previously 
stated,  is  a  view  taken  on  the  line  a  b  oi  the  front  view,  and 
everything  to  the  right  of  this  line  being  removed,  we  may 
choose  the  bottom  line  d'  of  the  sectional  view  as  a  base 
from  which  to  make  measurements.  From  the  fact  that  the 
section  is  taken  on  the  line  a  b,  we  know  that  the  line  just 
chosen  is  the  projection  of  the  intersection  d  of  the  plane 
represented  by  ^  ^  with  the  bottom  of  A.  Measuring  from 
d'  upwards  to  the  highest  line  c'  of  A  in  the  sectional  view, 
and  placing  one  point  of  the  dividers  on  d  in  the  front  view, 
it  will  be  seen  that  the  other  point  coincides  with  the  dotted 
line  forming  a  continuation  oi  c  c\  this  shows  that  c'  is  the 
projection  of  c.  In  a  similar  manner,  we  determine  that  e' 
is  the  projection  of  i\  and  tracing  the  outlines  of  A  in  the 
sectional  view,  we  notice  that  the  raised  strip  on  A  has 
inclined  sides.  We  also  notice  that  B  is  cut  out  to  suit  the 
profile  of  A,  except  that  on  one  side  a  steel  part  L  is  inter- 
posed between  the  inclined  sides  of  A  and  B\  it  is  also  seen 
that  a  screw  rests  with  its  point  against  L. 

Referring  now  to  the  front  view,  and  knowing  from 
inspection  of  the  sectional  view  that  the  upper  and  lower 
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surfaces  of  the  steel  part  L  are  flush  with  c'  and  r',  or  c  and  e 
in  the  front  view,  to  determine  the  length  of  this  part, 
notice  if  any  dotted  or  full  lines  showing  its  length  are 
shown  anywhere  at  a  right  angle  to  c  and  e.  None  being 
found,  the  conclusion  to  be  drawn  is  that  either  the  steel 
part  L  is  as  long  as  A  or  has  the  same  length  as  B,  A  per- 
son without  any  practical  experience  might  conclude  that 
the  length  is  the  same  as  that  of  A ;  but  any  one  having 
engineering  instinct  or  practical  knowledge  would  imme- 
diately notice  that,  as  the  steel  strip  has  setscrews  which 
evidently  serve  to  push  it  against  the  inclined  side  of  -^,  it 
would  be  unnecessary  to  make  the  strip  the  length  of  A^ 
and  hence  would  immediately  conclude  that  its  length  is  the 
same  as  that  of  B,  This  latter  conclusion  is  the  one  the 
draftsman  desired  to  convey. 

109.  Looking  at  the  sectional  view  of  A  again,  we 
notice  that  a  groove,  open  on  top,  is  cut  into  A,  To  find  its 
length  we  must  find  lines  corresponding  to  it  in  the  front 
view.  Measuring  from  d'  upwards  to  the  bottom  of  the 
groove  and  transferring  the  measurement  to  the  front  view, 
we  find  that  the  dotted  line^^  represents  the  bottom  and 
end  of  the  groove,  which  at  the  left  is  also  shown  to  be 
open  at  the  bottom,  since  the  dotted  line  g  curves  around- 
and  continues  to  the  bottom  of  A,  This  is  also  indicated 
by  the  dotted  lines^'  that  form  an  extension  of  the  sides  of 
the  groove  in  the  sectional  view;  measuring  from  r' down- 
wards to  the  horizontal  dotted  line  joining  the  ends  of  ^'  g\ 
and  then  passing  along  c  in  the  front  view,  the  point  of  the 
dividers  will  be  found  to  coincide  with  the  point  where  the 
dotted  line  g  meets  the  bottom  of  A.  From  this  the  con- 
clusion is  drawn  that  the  dotted  horizontal  line  joining^'  g* 
in  the  sectional  view  is  the  bottom  edge  of  the  opening. 

110.  Looking  at  the  front  view  we  notice  a  left-handed 
screw  C  that  is  placed  within  the  slot  just  investigated. 
Knowing  that,  in  a  view  in  line  with  its  axis,  the  outline  of 
a  screw  will  be  a  circle,  and  knowing  that  this  circle  will  be 
found  inside  of  the  slot,  the  screw  is  readily  found  in  the 
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sectional  view.  Now,  experience  teaches  us  that  when  a 
screw  is  shown  in  place  in  a  machine  drawing,  there  must 
also  be  somewhere  along  its  axis  a  threaded  hole  (or  a  nut) 
to  receive  it.  Looking  at  the  sectional  view  we  see  the  out- 
line of  something  (marked  ^^ Bronse")  that  surrounds  the 
screw.  Now,  this  part,  at  first  glance,  appears  to  be  a  con- 
tinuation of  the  pin  E  directly  above  it;  there  are  two 
reasons,  however,  why  this  is  not  the  case.  In  the  first 
place,  the  part  E  is  sectioned  for  steel;  this  immediately 
shows  that  E  and  the  part  under  investigation  are  separate 
parts.  Furthermore,  when  tracing  out  the  shape  and  posi- 
tions of  the  objects  in  the  front  view,  they  will  be  seen 
neither  to  be  in  line  nor  to  have  any  connection  with  each 
other.  To  find  the  part  under  investigation  in  the  front 
view,  we  may  take,  in  the  sectional  view,  a  measurement 
from  the  center  of  the  screw  downwards  to  the  lowest  point 
of  the  part  we  are  investigating,  and  then,  referring  to  the 
front  view,  proceed  along  the  center  line  of  the  screw  C 
until  we  strike  the  dotted  line  //.  Since  the  sectional  view 
shows  only  things  to  the  left  of  the  line  a  b,  we  know  that 
as  the  part  being  investigated  shows  in  the  sectional  view, 
we  must  look  for  it  to  the  left  oi  a  b  m  the  front  view.  At 
the  ends  of  the  horizontal  dotted  line  //  we  notice  two  verti- 
cal dotted  lines  that  show  the  length  of  the  part  under  inves- 
tigation; since  these  lines  terminate  against  the  liner,  we 
know  that  the  part  butts  against  the  surface  of  />. 

This  latter  conclusion  is  further  confirmed  by  examining, 
in  the  sectional  view,  the  full  outline  of  the  part.  Referring 
again  to  the  front  view,  we  see  a  screw  thread  indicated  in  B 
right  above  the  part  we  are  discussing,  and  in  the  absence 
of  any  indication  to  the  contrary  may  justly  assume  that  it 
is  a  threaded  shank  by  means  of  which  the  part  is  attached 
to  B.  By  this  time  we  are  probably  convinced  that  the 
part  we  have  been  investigating  is  the  nut  we  are  looking 
for,  but  are  not  sure  of  it.  To  find  out,  let  us  try  to  inves- 
tigate the  whole  of  the  screw.  In  the  front  view,  the  dot- 
ted lines  /,  /  show  that  the  screw  has  a  bearing  and  also  has 
a  collar  butting  against  part  of  A  ;  beyond  the  bearing  the 
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screw  shows  in  full  and  apparently  has  a  seat  for  some 
kind  of  an  attachment  which  must  cause  the  screw  to  turn, 
since  a  dowel-pin  is  shown  in  the  seat.  Inspecting  the  sec- 
tional view  we  find  a  screw  similar  to  the  one  under  dis- 
cussion, with  a  ball  handle  and  retaining  nut  on  the  end  of 
it.  As  we  find  a  note  ^^  Two  Handles  Machinery  Steely 
Finish  all  over ^**  and  as  we  cannot  find  any  other  place  for 
the  second  handle,  we  naturally  conclude  that  such  a  handle 
is  to  be  placed  on  the  end  of  the  screw  C,  Now,  from  the 
fact  that  the  screw  is  confined  longitudinally  by  the  collar 
and  the  ball  handle,  and  that  there  is  no  thread  on  the 
part  of  the  screw  between  them,  we  know  that  the  nut 
must  be  to  the  right  of  the  collar;  since  the  part  previously 
investigated  is  the  only  part  we  can  find  that  directly  sur- 
rounds the  screw,  we  will  now  be  justified  in  assuming  that 
it  is  the  nut  we  are  looking  for. 

111.  The  fact  that  A  and  B  are  connected  together  by 
a  screw  provided  with  a  handle  for  turning  it  will  immedi- 
ately suggest  the  idea  that  it  is  to  be  used  for  moving  the 
part  B  along  A,  whence  we  conclude  that  -5  is  a  slide 
moving  on  A,  Knowing  this,  the  logical  conclusion  is  that 
the  piece  Z  is  a  gib  used  for  taking  up  the  wear  of  the  sliding 
surfaces,  which  view  is  proved  to  be  correct  when  it  is 
noticed,  by  reference  to  the  sectional  view,  that  a  tighten- 
ing of  the  setscrew  will  tend  to  draw  the  wearing  surfaces 
together. 

m 

112.  Looking  now  at  the  part  K,  at  the  left  of  ^,  in  the 
front  view,  considering  the  part  by  itself,  we  cannot  tell 
whether  it  is  an  integral  part  of  yi  or  a  separate  piece  fast- 
ened to  it.  But  as  soon  as  we  consi(}er  it  in  connection 
with  the  screw  C,  we  see  that  the  latter  cannot  be  placed  in 
position  unless  the  part  K  is  removable.  From  this  we 
conclude  that  the  part  K  is  separate  from  A.  The  next 
question  that  suggests  itself  is :  How  is  it  fastened  on  ? 
The  note  on  the  front  view  and  the  dotted  screw  heads  in 
the  sectional  view  show  that  screws  with  slotted  hea/^'' 
used. 
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113.  As  far  as  the  shape  of  K  is  concerned,  the  front 
view  shows  that  it  is  a  cone  joining  some  presumably  flat 
part.  Referring  now  to  the  sectional  view,  we  discover  by 
measuring  successively  from  the  center  line  and  center  of 
the  screw  C  that  the  dotted  horizontal  line  k  represents 
the  lower  surface  of  K,  and  the  absence  of  any  other  dotted 
lines  in  this  part  of  the  sectional  view  indicates  that  the 
profile  of  the  flat  part  of  K  is  the  same  as  that  of  A, 

114.  On  examining  the  sectional  view,  it  is  seen  that 
some  part  of  D^  which  from  the  section  lining  we  know  to 
be  separate  from  B^  projects  downwards  from  the  main  body 
of  D  and  is  in  contact  with  the  upper  surface  /'  of  the 
part  B,  Referring  now  to  the  front  view  and  looking 
along  /,  we  find  that  the  part  under  discussion  is  cylindrical; 
this  is  inferred  from  the  dimension  **^'  turned.'"  The  main 
body  of  D,  and  also  the  parts  C,  H^  and  /,  may  now  be 
investigated  in  a  manner  similar  to  that  in  which  the 
relation  of  A,B,C,  and  K  was  traced;  it  will  then  be 
found  that  D  is  a,  part  similar  to  A.  Furthermore,  the 
investigation  will  show  that  C  is  a  slide;  this  slide  is 
movable  by  means  of  the  screw  //,  which  turns  in  the 
bearing  /, 

115.  Referring  again  to  the  sectional  view,  we  see  that 
B  and  D  are  connected  together  by  a  pin  £,  whose  purpose 
is  unknown  as  yet.  Examining  this  pin  we  notice  that  a 
hole  is  cut  through  its  upper  end  and  that  a  screw  F^  with 
a  tapered  shoulder  to  the  right  of  its  screw  thread,  passes 
through  this  hole.  On  close  examination,  we  see  that  the 
hole  in  E  is  so  placed  that  the  tapered  part  of  the  screw  F 
bears  against  the  upper  side  of  the  hole.  We  further  notice 
that  the  screw  F  is  not  used  as  a  fastening  device  to  hold 
any  parts  of  D  together;  this  conclusion  is  forced  upon  us 
by  the  fact  that  the  sectional  view  shows  D  to  be  one  piece. 
Now,  we  know  from  experience  that  a  screw  is  used  either 
as  a  fastening  device  or  to  transmit  motion;  as  it  obviously 
is  not  used  for  the  purpose  first  mentioned,  we  conclude 
that  it  probably  serve's  for  the  latter  purpose.     To  make 
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sure  of  this  we  trace  out  what  will  happen  if  the  screw  is 
rotated.  We  then  noticed  that  if  the  screw  is  screwed 
inwards,  it  will  raise  the  part  E\  but  as  E  cannot  move 
upwards  by  reason  of  being  confined  by  the  collar  on  it,  it 
shows  to  us  that  screwing  F  inwards  will  force  D  down 
on  B.  The  logical  inference  is  that  E  and  F  form  a  clamp- 
ing device  intended  to  clamp  B  and  D  together. 

Examining  the  pin  E  again,  we  do  not  find  anything  that 
would  definitely  tell  whether  it  is  round  or  square.  Here 
judgment  must  be  used.  An  experienced  person  would 
know  upon  the  first  glance  that  the  clamping  arrangement 
shown  is  an  expensive  one  to  make  and  one  not  likely  to  be 
adopted  when  it  is  only  required  to  fasten  two  pieces 
rigidly  together,  in  which  case  E  might  be  either  round  or 
square.  The  next  inference  would  be  that  it  is  used  in 
order  to  allow  D  to  be  rotated  around  E,  and  to  be  clamped 
in  any  position.  This  supposition  requires  the  pin  E  to  be 
round  and  is  correct  in  this  case. 

116.  Referring  now  to  the  ball  handle  /,  of  which  only 
one  view  is  shown,  the  question  of  whether  it  is  circular  or 
square  is  immediately  settled  by  experience  teaching  us  that 
a  handle  having  the  sh^pe  shown  is  not  likely  to  be  any- 
thing else  but  round,  and  in  the  absence  of  any  note  or  indi- 
cation to  the  contrary,  we  would  be  justified  in  assuming  it 
to  be  round. 

117.  As  far  as  the  part  G  is  concerned,  the  sectional 
view  shows  it  to  be  cored  out  in  order  to  pass  over  the  nut 
in  which  the  screw  )i  works.  The  width  and  profile  of  the 
coring  must  be  obtained  from  the  front  view,  which  it  will 
be  remembered  is  a  view  at  a  right  angle  to  the  sectional 
view.  The  natural  assumption  to  make  is  that  the  lines 
giving  the  width  and  profile  of  the  coring  will  be  found 
directly  in  the  vicinity  of  the  screw  H  in  the  front  view. 
Measuring  from  the  center  line  of  this  screw  in  the  sec- 
tional view  upwards  to  the  line  showing  the  height  of  the 
coring,  and  then  transferring  this  measurement  to  the  front 
view,  we  find  the  full  circle  ;/.    Now,  as  the  coring  is  beyond 
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the  bearing  y,  we  know  that  its  profile  would  show  in  dotted 
lines  and  conclude  that  the  circle  ;/  represents  some  part  of 
the  bearing  J.  As  this  bearing  has  a  conical  projection, 
the  inference  is  that  the  full  circle  represents  the  largest 
diameter  of  the  cone,  which  is  the  case.  Now,  the  absence 
of  a  dotted  line  showing  the  coring  forces  us  to  conclude  that 
the  dotted  line  would  be  directly  behind  the  full  circle  ;/  and 
is  thus  hidden.  This  conclusion  is  further  strengthened  by 
finding  two  vertical  dotted  lines  r,  r  tangent  to  the  circle  ;/, 
and  we  finally  decide  that  the  groove  has  straight  sides  with 
a  semicircular  top,  as  given  by  the  dotted  lines  r,  r  and  the 
upper  semicircle  of  n.  By  measuring  again  in  the  manner 
previously  explained,  we  decide  that  the  dotted  line  ^  is  a 
front  view  of  the  nut  in  which  H  works. 

118.  At  the  right-hand  end  of  the  sectional  view  of  G 
we  notice  a  T-shaped  opening.  Referring  to  the  front  view 
we  can  easily  discover,  by  transferring  measurements,  that 
the  dott  d  horizontal  lines/,  /  show  the  length  of  the  slot, 
which  is  seen  to  extend  clear  across  G, 

119.  Referring  now  to  the  drawing  of  the  tool  post,  it 
will  be  observed  that  only  one  view  is  given.  While  this 
does  not  definitely  settle  that  the  post  is  circular  in  cross- 
section,  common  practice  would  justify  a  person  in  assu- 
ming, in  the  absence  of  any  note  or  any  other  indication  to 
the  contrary,  that  such  was  the  case.  This  view  is  strength- 
ened by  the  fact  that  some  dimensions  are  marked  r/,  signify- 
ing diameter,  which  term  is  rarely  applied  to  any  but  a 
round  object. 

120.  The  two  views  of  the  collar  give  its  shape.  Refer- 
ring to  the  front  view,  while  there  is  no  definite  note  to  that 
effect,  it  would  be  inferred  from  the  fact  that  a  thread  is 
shown  that  the  lower  part  is  separate,  being,  in  fact,  a 
circular  nurled  nut  threaded  to  receive  the  upper  part. 

121.  While,  generally  speaking,  any  one  can  learn  to 
determine  the  shape  of  objects  from  a  drawing,  there  are 
cases   that   arise   in    practice    where   this    is   very   difficult 
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without  further  verbal  or  written  instructions.  The  cases  in 
which  this  usually  happens  are  where  coring  has  various  odd- 
shaped  curved  surfaces  that  curve  in  different  directions,  as 
occurs,  for  instance,  with  the  steam  ports  and  other  pas- 
sages of  steam-engine  cylinders  and  other  similar  work. 
Practical  experience  with  a  certain  line  of  work,  and, 
frequently,  a  knowledge  of  the  object  of  the  doubtful 
part,  will  often  allow  the  reader  to  form  a  correct  idea  of 
what  the  draftsman  is  trying  to  convey ;  when  this  experi- 
ence or  knowledge  is  lacking,  consult  somebody  who  is  likely 
to  know. 

Furthermore,  the  shape  of  an  object  does  not  necessarily 
in  itself  always  reveal  its  purpose.  Ability  to  determine  at 
sight  what  an  object  is  to  be  used  for  involves  either  a 
thorough  knowledge  of  a  particular  line  of  work — in  which 
case  the  purpose  of  objects  coming  within  its  range  can 
usually  be  determined  at  sight — or  a  very  wide  general 
knowledge  of  engineering  construction. 


DRAWING   PliATE,  TITI^E :    COMPOUND   REST 

12!<J.  This  drawing  is  at  one  and  the  same  time  a  detail 
and  an  assembly  drawing,  as  it  not  only  gives  all  dimensions 
required  for  each  and  every  part,  but  also  shows  how  they 
are  assembled.  Drawings  are  frequently  made  in  this 
manner  in  order  to  save  some  of  the  draftsman's  time.  The 
particular  drawing  shown  exhibits  a  case  where  the  drafts- 
man, on  account  of  lack  of  space,  has  been  compelled  to 
break  the  rules  governing  the  arrangements  of  the  views. 
Referring  to  the  plate,  the  sectional  view  taken  on  the  line  a  b 
should  have  been  placed  alongside  and  on  the  right  of  the 
front  view,  which  obviously  cannot  be  done  without  making 
the  drawing  to  a  scale  smaller  than  full  size. 

1!33.  To  begin  locate  the  center  line  of  the  screw  C  in 
the  front  view  at  a  distance  of  \\  inches  from  the  upper 
border  line.  The  slide  B  being  movable  along  the  base  A^ 
it  can  be  located  anywhere  within  its  range  of  movement; 
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but  in  order  to  get  a  convenient  arrangement,  it  is  recom- 
mended to  locate  the  line  a  b  passing  through  the  center  of 
the  screw  of  the  upper  slide  at  a  distance  of  7|^  inches  from 
the  left-hand  border  line.  Locate  the  center  line  of  the  hole 
in  the  base  marked  |'  tap  ll^j^  inches  from  the  left-hand 
border  line.  The  front  view  can  now  be  drawn  from  the 
dimensions  given. 

1!34.  Locate  the  center  line  of  the  screw  H  in  the  sec- 
tional view  8^^  inches  from  the  upper  border  line  and  locate 
the  center  line  of  the  handle  /at  a  distance  of  2f  inches  from 
the  left-hand  border  line.  The  upper  slide  G  being  movable 
on  its  base  D^  the  latter  could  be  drawn  anywhere  within 
the  range  of  movement ;  in  order  to  have  a  good  arrange- 
ment, however,  it  is  recommended  to  locate  the  vertical 
center  line  passing  through  the  part  £"  at  a  distance  of 
Vl\\  inches  from  the  left-hand  border  line.  The  sectional 
view  can  now  be  drawn  without  any  special  instructions. 

1!35.  The  center  line  of  the  collar  should  be  located  at  a 
distance  of  Jf  inches  from  the  right-hand  border  line  and  the 
center  of  the  top  view  of  the  collar  is  to  be  located  at  a  dis- 
tance of  4|  inches  from  the  upper  border  line. 

126.  The  center  line  of  the  tool  post  may  be  located  at 
a  distance  of  \\\  inches  from  the  upper  border  line  and  the 
right-hand  end  of  the  tool  post  at  a  distance  of  1|  inches 
from  the  right-hand  border  line.  The  tool-post  screw  being 
movable,  it  could  be  shown  in  any  position  within  its  range 
of  movement;  but  in  order  to  get  the  same  arrangement  as 
on  the  plate,  the  right-hand  surface  of  its  collar  should  be 
placed  at  a  distance  of  \  inch  from  the  left-hand  end  of  the 
body  of  the  tool  post. 

A  number  of  reference  letters  printed  in  bold-face  italics 
appear  on  this  plate.  The  student  should  omit  these  letters 
on  his  drawing. 

127.  In  order  to  emphasize  the  fact  that  different  drafts- 
men prefer  different  styles  of  lettering  and  a  different 
arrangement  for  titles,  this  plate  has  been  given  a  title  dif- 
fering from  those  previously  given.     The  first  and  second 
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lines  of  lettering  are  easily  made  with  the  ruling  pen,  the 
inclination  of  the  letters  being  75°.  The  letters  in  the  first 
line  of  lettering  are  ^^  inch  high;  in  the  second  line  all 
capitals  and  numerals  are  ^  inch  high,  except  the  first  letter 
of  each  word,  which  is  j\  inch  high.  The  third  to  ninth  line 
of  lettering  are  written  freehand.  In  the  third  and  fourth 
lines,  the  lettering  is  ^  inch  high,  except  the  first  letter  of 
each  word,  which  is  ^  inch  high.  In  the  fifth  line,  all  letters 
are  i  inch  high,  except  that  the  first  letter  of  each  word  is 
^  inch  high.  The  sixth  line  is  the  same  as  the  third  and 
fourth.  In  the  remaining  lines,  the  capitals  are  ^  inch  and 
the  small  letters  -^  inch  high.  The  heading  **Tool  Post" 
is  i  inch  high. 

TRACINGS 

128.  In  actual  practice  in  the  drawing  room,  it  is 
necessary  to  have  more  than  one  copy  of  a  drawing.  It 
would  be  very  expensive  to  make  a  finished  drawing  every 
time  an  extra  copy  was  wanted  and  to  avoid  this  tracings 
and  blueprints  are  made.  Any  number  of  blueprint  copies 
can  be  made  from  the  same  tracing.  A  complete  pencil 
drawing  is  made  first;  then,  instead  of  inking  in  as  hereto- 
fore, a  piece  of  tracing  paper  or  tracing  cloth  of  the  same 
size  as  the  pencil  drawing  is  fastened  to  the  board  over  the 
original  drawing.  The  tracing  paper  or  cloth  being  almost 
transparent,  the  lines  of  the  drawing  can  be  readily  seen 
through  it,  and  the  drawing  is  inked  in  on  the  tracing  paper 
or  cloth  in  the  same  manner  as  if  inking  in  a  finished 
drawing. 

1!39.  Tracing:  paper  is  but  little  used  in  this  country. 
It  is  easily  torn  and  cannot  be  preserved  as  well  as  tracing 
cloth.  The  two  sides  of  the  traeiiifl:  cloth  are  known  as 
the  glazed  side  and  the  dull  side:  they  are  also  known  as 
the  front  and  the  back.  The  glazed  side,  or  front,  is  covered 
with  a  preparation  that  gives  it  a  very  smooth  polished 
surface;  the  back,  or  dull  side,  has  very  much  the  appear- 
ance of  a  piece  of  ordinary  linen  cloth.     Either  side  may  be 
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used  for  drawing  upon,  but  when  the  glazed  side  is  used, 
care  must  be  taken  to  remove  all  dirt  and  grease,  otherwise 
the  ink  will  not  flow  well  from  the  pen.  This  can  be  done 
by  taking  a  knife  or  a  file  and  scraping  or  filing  chalk  upon 
the  tracing  cloth ;  then  take  a  soft  rag  of  some  kind— cotton 
flannel  or  chamois  skin — and  rub  it  all  over  the  tracing 
cloth,  being  sure  to  rub  chalk  over  every  spot.  Finally,  dust 
the  rag  and  remove  as  much  of  the  chalk  from  the  cloth  as 
can  be  gotten  off  by  rubbing  with  the  rag.  The  finer  the 
chalk  powder  is  the  better.  It  is  not  usual  to  chalk  the 
dull  side,  but  it  improves  it  to  do  so.  The  glazed  side  takes 
ink  much  better  than  the  dull  side,  the  finished  drawing  looks 
better  and  will  not  soil  so  easily,  and  it  is  also  easier  to  erase 
a  line  that  has  been  drawn  on  this  side.  Pencil  lines  can  be 
more  satisfactorily  drawn  on  the  dull  side,  and  if  it  is  desired 
to  photograph  the  drawing,  it  is  better  to  draw  on  this  side. 
The  draftsman  uses  either  side,  according  to  the  work  he  is 
doing  and  to  suit  his  individual  taste,  but  if  the  glazed 
side  is  used,  it  must  be  chalked.  The  tracings  are  drawn 
in  a  manner  similar  to  the  finished  drawings,  the  center 
lines,  section  lines,  etc.  being  dfawn  exactly  as  previously 
described.  In  some  offices  it  is  customary  to  draw  the 
center  lines  and  dimension  lines  on  a  tracing  in  red  ink,  so 
that  they  may  appear  gray  instead  of  white  on  the  blueprint. 

130.  After  having  drawn  the  plate  entitled  Compound 
Rest,  the  student  is  required  to  make  a  tracing  of  the  plate 
entitled  Turret-Lathe  Tools. 


BIATEPRINTING 

131.  Blueprinting  is  the  process  of  duplicating  a  tracing 
by  means  of  the  action  of  light  upon  a  sensitized  paper. 
The  following  solution  is  much  used  for  sensitizing  the 
paper  :  Dissolve  2  ounces  of  citrate  of  iron  and  ammonia  in 
8  ounces  of  water;  also  \\  ounces  of  red  prussiate  of  potash 
in  8  ounces  of  water.  Keep  the  solutions  separate  and  in 
dark-colored  bottles  in  a  dark  place  where  the  light  cannot 
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reach  them.     Better  results  will  be  obtained  if  ^  an  ounce 
of  gum  arabic  is  dissolved  in  each  solution. 

When  ready  to  prepare  the  paper,  mix  equal  portions  of 
the  two  solutions,  and  be  particularly  careful  not  to  allow 
any  more  light  to  strike  the  mixture  than  is  absolutely 
necessary  to  see  by.  For  this  reason,  it  is  necessary  to 
have  a  dark  room  to  work  in.  There  must  be  in  this  room 
a  tray  or  sink  of  some  kind  that  will  hold  water;  it  should 
be  larger  than  the  blueprint  and  about  6  inches  deep. 
There  should  also  be  a  flat  board  large  enough  to  cover  the 
tray  or  sink.  If  the  sink  is  lined  with  zinc  or  galvanized 
iron,  so  much  the  better.  There  must  be  an  arrangement 
like  a  towel  rack  to  hang  the  prints  on  while  they  are  drying. 
For  the  want  of  a  better  name,  this  arrangement  will  be 
called  a  print  rack.  The  paper  used  for  blueprinting  should 
be  a  good,  smooth,  white  paper,  and  may  be  purchased  of 
any  dealer  in  drawing  materials.  Cut  it  into  sheets  a  little 
larger  than  the  tracing,  so  as  to  leave  an  edge  around  it 
when  the  tracing  is  placed  upon  it.  Place  eight  or  ten  of 
these  sheets  upon  the  flat  board  before  mentioned,  taking 
care  to  spread  flatly  one  above  another,  so  that  the  edges  do 
not  overlap.  Secure  the  sheets  to  the  board  by  driving  a 
brad  or  small  wire  nail  through  the  two  upper  corners 
sufficiently  far  into  the  board  to  hold  the  weight  of  the 
papers  when  the  board  is  placed  in  a  vertical  position.  Lay 
the  board  on  the  edges  of  the  sink,  so  that  one  edge  is 
against  the  wall  and  the  board  is  inclined  so  as  to  make  an 
angle  of  about  60°  with  the  horizontal.  Darken  the  room 
as  much  as  possible  and  obtain  what  light  may  be  necessary 
from  a  lamp  or  gas  jet,  which  should  be  turned  down  very 
low.  With  a  wide  camel's-hair  brush  or  a  fine  sponge, 
spread  the  solution  just  prepared  over  the  top  sheet  of  paper. 
Be  sure  to  cover  every  spot  and  do  not  get  too  much  on 
the  paper.  Distribute  it  as  evenly  as  possible  over  the 
paper,  in  much  the  same  manner  that  the  finishing  coat  of 
varnish  would  be  put  on  by  a  painter.  Remove  the  sheet 
by  pulling  on  the  lower  edge,  tearing  it  from  the  nail  that 
holds  it,  and  place  it  in  a  drawer  where  it  can  lie  flat  and  be 
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kept  from  the  light.  Treat  the  next  sheet  and  each  succeed- 
ing sheet  in  exactly  the  same  manner,  until  the  required 
number  of  sheets  has  been  prepared. 

Unless  a  large  number  of  prints  is  constantly  used,  it  is 
cheaper  to  buy  the  paper  already  prepared.  It  can  be  bought 
in  rolls  of  10  yards  or  more,  of  any  width,  or  in  sheets  already 
cut  and  ready  for  use.  There  is  very  little,  if  anything, 
saved  in  preparing  the  paper,  and  better  results  are  usually 
obtained  from  the  commercial  sensitized  paper,  since  the 
manufacturers  have  machines  for  applying  the  solution  and 
are  able  to  distribute  it  very  evenly. 

13S.  In  Figs,  15  and  16  are  shown  two  views  of  a  print- 
ing frame  that  is  well  adapted  to  sheets  not  over  17'  X  21'. 
The  frame  is  placed  face  downwards  and  the  back  A  is 


removed  by  unhooking  the  brass  spring  clips  li,  B  and  lifting 
it  out.  The  tracing  is  laid  upon  the  glass  C,  with  the  inked 
side  touching  the  glass.  A  sheet  of  the  prepared  paper,  per- 
fectly dry,  is  laid  upon  the  tracing  with  the  yellow  (sensitized) 
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side  downwards.  The  paper  and  tracing  are  smoothed 
out  so  as  to  lie  perfectly  flat  upon  the  glass,  the  cover  A  is 
replaced,  and  the  brass  spring  clips  B,  B  are  sprung  under 
the  plates  D,  so  that  the  back  cannot  fall  out.  While  all 
this  is  being  done,  the  paper  should  be  kept  from  the  light 
as  much  as  possible.  The  frame  is  now  placed  where  the 
sun  can  shine  upon  it  and  is  adjusted,  as  shown  in  Fig,  16,  so 
that  the  sun's  rays  will  fall  upon  it  as  nearly  at  right  angles  as 
possible      According  to  the  conditions  of  the  sky — whether 
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clear  or  cloudy — and  the  time  of  the  year,  the  print  must 
be  exposed  from  3  to  15  minutes.  The  tray,  or  sink,  already 
mentioned,  should  be  filled  to  a  depth  of  about  2  inches  with 
clear  water  (rain  water  if  possible).  The  print  having  been 
exposed  the  proper  length  of  time,  the  frame  is  carried  into 
a  dark  part  of  the  room,  the  cover  removed,  and  the  print 
(prepared  paper)  taken  out.  Now  place  it  on  the  water 
with  the  yellow  side  down  and  be  sure  that  the  water 
touches  every  part  of  it.  Let  It  soak  while  putting  the  next 
print  in  the  frame.     Be  sure  that  the  hands  are  dry  before 
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touching  the  next  print.  The  first  print  having  soaked  a 
short  time  (about  10  minutes)  take  hold  of  two  of  its 
opposite  corners  and  lift  it  slowly  out  of  the  water.  Dip  it 
back  again  and  pull  out  as  before.  Repeat  this  a  number  of 
times,  until  the  paper  appears  to  get  no  bluer;  then  hang  it 
by  two  of  its  corners  to  dry  on  the  print  rack  previously 
mentioned.  If  there  are  any  dark-purple  or  bronze-colored 
spots  on  the  prints,  it  indicates  that  the  prints  were  not 
washed  thoroughly  on  those  spots.  If  these  spots  are  well 
washed  before  the  print  is  dried,  they  will  disappear. 

133.  It  is  best  to  judge  the  proper  time  of  exposure 
to  the  light  by  the  color  of  the  strip  of  print  projecting 
beyond  the  edge  of  the  tracing.  To  obtain  the  exact  shade 
of  the  projecting  edge,  take  a  strip  of  paper  about  12  or 
14  inches  long  and  3  or  4  inches  wide.  Divide  it  into,  say, 
12  equal  parts  by  lead-pencil  marks,  and  with  the  lead 
pencil  number  each  part  1,  2,  3,  etc.  Sensitize  this  side  of 
the  paper  and,  after  it  has  been  properly  dried,  place  it  in 
the  print  frame  with  the  sensitized  side  and  the  marks  and 
figures  against  the  glass.  Expose  the  whole  strip  to  the 
light  for  one  minute;  then  cover  the  part  of  the  strip 
marked  1  with  a  thin  board  or  anything  that  will  prevent 
the  light  from  striking  the  part  covered.  At  the  end  of  the 
second  minute,  cover  parts  2  and  1 ;  at  the  end  of  the  third 
minute,  parts  3,  2,  and  1,  etc.  When  twelve  minutes  are 
up,  part  1  will  have  been  exposed  one  minute ;  part  2,  two 
minutes,  etc.,  part  12  having  been  exposed  twelve  minutes. 
Remove  the  frame  to  a  dark  part  of  the  room  and  tear  the 
strip  so  as  to  divide  it  into  two  strips  of  the  same  length 
and  about  half  the  original  width.  Wash  one  of  the  strips 
as  before  described,  and  when  it  has  dried,  select  a  good 
rich  shade  of  blue,  neither  too  light  nor  too  dark;  notice  the 
number  of  the  part  chosen,  and  it  will  indicate  the  length  of 
time  that  the  print  was  exposed.  Examine  carefully  the 
corresponding  part  of  the  other  strip,  and  the  correct  color 
of  the  edge  of  the  print  projecting  beyond  the  tracing  is 
determined.     All  prints  should  be  exposed  until  this  color  is 
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reached,  no  matter  how  long  or  how  short  the  time  may  be; 
then  they  should  be  immediately  taken  out  and  washed. 


134.     In  Fig.  17  is  shown  a  patented  frame  which  can  be 
shoved  out  of  the  window  and  adjusted  to  any  angle.    When 
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not  in  use,  it  can  be  folded  up  against  the  wall  and  occupies 
but  little  space.  It  is  made  in  different  sizes  from  16' X  24*^ 
to  48'  X  72'.  It  is  one  of  the  best  frames  in  the  market, 
and  is  placed  in  such  a  position  relatively  to  the  window  that 
the  window  can  be  lowered  to  the  top  of  the  main  arm,  when 
it  is  desired  to  keep  out  the  cold  during  the  winter.   ^ 


DRAWING     PliATE,    TITIiE:     SIX- HORSEPOWER 
HORIZONTAIi    STEAM   ENGINE 

135.  Instead  of  making  a  finished  drawing  of  this 
engine,  as  in  the  previous  plates,  from  an  exact  copy,  the 
student  is  given  the  rough  sketches  of  the  details  of  a  six- 
horsepower  horizontal  steam  engine,  with  full  dimen- 
sions marked  upon  them;  from  these  he  is  expected  to  make 
a  general  pencil  drawing  of  the  engine  in  two  views — a  plan 
and  a  side  elevation.     The  details  are  not  to  be  drawn. 

The  pencil  drawing  should  then  be  traced  according  to 
the  directions  previously  given.  The  details  are  not  drawn 
to  scale,  but  are  fully  dimensioned.  In  order  to  draw  the 
engine  to  as  large  and  as  convenient  a  scale  as  possible,  it  is 
necessary  to  make  this  tracing  a  trifle  larger  than  the  plates 
that  have  preceded  it.  The  size  over  all  will  be  14^' X  18^', 
with  the  usual  border  line  ^  inch  from  each  edge  all  around. 
•  That  the  student  may  have  a  good  idea  of  what  he  is 
expected  to  do,  a  greatly  reduced  cut  of  the  general  draw- 
ing is  also  given  him.  All  dotted  lines  indicating  parts  not 
seen  have  been  omitted  in  order  to  simplify  the  work.  The 
scale  to  be  used  is  3  inches  =  1  foot. 

136.  Draw  the  center  lines  vin^  pq^  rs^  and  t7\  Draw 
the  side  elevation  of  the  bedplate  with  the  bearing  caps  in 
position,  from  the  dimensions  given  on  the  detail  sketches, 
taking  care  to  make  the  parts  that  are  likely  to  be  hidden  by 
the  flywheel,  eccentric  rod,  etc.  light  so  that  they  may  be 
easily  erased  before  tracing.  The  drawing  may  be  traced 
without  removing  the  unnecessary  construction  lines,  but  it 
is  better  to  do  so,  since  it  lessens  the  liability  of  inking  in 
lines  that  will  have  to  be  erased  from  the  tracing. 
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Draw  the  plan  of  the  bedplate  with  the  bearing  caps, 
studs  and  nuts,  foundation-bolt  holes,  etc.  shown  in  their 
proper  places  and  positions.  The  different  curves  of  the 
bearing  caps  in  the  plan  should  be  constructed  by  project- 
ing points  from  the  view  shown  in  the  side  elevation.  In 
actual  practice  in  the  drawing  room,  three  or  four  of  the 
principal  points  (those  that  mark  the  limits)  would  be  located 
and  the  curves  sketched  in  freehand,  they  being  inked  in  on 
the  tracing  by  aid  of  an  irregular  curve.  In  such  cases  the 
draftsman  has  a  good  idea  of  the  shape  of  the  curves,  owing 
to  previous  practice  in  drawing  them.  When  drawing  in 
the  curves  formed  by  the  opening  in  the  bedplate  shown  in 
this  view,  the  student  must  exercise  his  own  judgment 
regarding  their  shape,  taking  care  not  to  get  them  too 
straight.  The  general  drawing  gives  a  good  idea  of  their 
proper  curvature. 

Returning  to  the  elevation,  draw  the  crank  and  crank  end 
of  the  connecting-rod  in  the  position  shown  in  the  general 
drawing.  With  the  center  of  the  crankpin  as  a  center  and 
a  radius  equal  to  the  length  of  the  connecting-rod  between 
its  centers  (obtained  from  the  detail  sketch),  describe  an 
arc  cutting  the  center  line  /  ^  at  a  point  that  will  be  the 
center  of  the  crosshead  pin.  Draw  the  crosshead,  obtaining 
the  dimensions  from  the  detail  sketch.  Complete  the  con- 
necting-rod in  both  views  and  draw  the  piston  rod  1  inch  in 
diameter.  Draw  both  views  of  the  cylinder  with  the  nuts 
and  the  steam  pipe  in  their  proper  position,  getting  all 
dimensions  from  the  detail  sketches. 

Draw  the  center  line  of  the  valve  stem  in  the  plan  view, 
and  draw  the  stuffingbox,  valve  stem,  valve-stem  slide  and 
its  guide  in  both  views.  In  order  to  determine  the  position 
of  the  valve-stem  slide,  it  is  necessary  to  locate  the  center 
of  the  eccentric.  Referring  to  the  general  drawing,  it  is 
seen  that  the  eccentric  is  on  the  dead  center  farthest  from 
the  cylinder.  The  offset  of  the  eccentric  is  given  as  f  inch 
in  the  detail  sketch;  hence,  when  in  this  position,  the  center 
of  the  eccentric  strap  will  be  situated  J  inch  to  the  right  of 
the  crank-shaft  center  on  the  line/^.     With  this  point  as  a 
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Draw  the  plan  of  the  bedplate  with  the  bearing  caps, 
studs  and  nuts,  foundation-bolt  holes,  etc.  shown  in  their 
proper  places  and  positions.  The  different  curves  of  the 
bearing  caps  in  the  plan  should  be  constructed  by  project- 
ing points  from  the  view  shown  in  the  side  elevation.  In 
actual  practice  in  the  drawing  room,  three  or  four  of  the 
principal  points  (those  that  mark  the  limits)  would  be  located 
and  the  curves  sketched  in  freehand,  they  being  inked  in  on 
the  tracing  by  aid  of  an  irregular  curve.  In  such  cases  the 
draftsman  has  a  good  idea  of  the  shape  of  the  curves,  owing 
to  previous  practice  in  drawing  them.  When  drawing  in 
the  curves  formed  by  the  opening  in  the  bedplate  shown  in 
this  view,  the  student  must  exercise  his  own  judgment 
regarding  their  shape,  taking  care  not  to  get  them  too 
straight.  The  general  drawing  gives  a  good  idea  of  their 
proper  curvature. 

Returning  to  the  elevation,  draw  the  crank  and  crank  end 
of  the  connecting-rod  in  the  position  shown  in  the  general 
drawing.  With  the  center  of  the  crankpin  as  a  center  and 
a  radius  equal  to  the  length  of  the  connecting-rod  between 
its  centers  (obtained  from  the  detail  sketch),  describe  an 
arc  cutting  the  center  line  /  ^  at  a  point  that  will  be  the 
center  of  the  crosshead  pin.  Draw  the  crosshead,  obtaining 
the  dimensions  from  the  detail  sketch.  Complete  the  con- 
necting-rod in  both  views  and  draw  the  piston  rod  1  inch  in 
diameter.  .Draw  both  views  of  the  cylinder  with  the  nuts 
and  the  steam  pipe  in  their  proper  position,  getting  all 
dimensions  from  the  detail  sketches. 

Draw  the  center  line  of  the  valve  stem  in  the  plan  view, 
and  draw  the  stuffingbox,  valve  stem,  valve-stem  slide  and 
its  guide  in  both  views.  In  order  to  determine  the  position 
of  the  valve-stem  slide,  it  is  necessary  to  locate  the  center 
of  the  eccentric.  Referring  to  the  general  drawing,  it  is 
seen  that  the  eccentric  is  on  the  dead  center  farthest  from 
the  cylinder.  The  offset  of  the  eccentric  is  given  as  ^  inch 
in  the  detail  sketch;  hence,  wlien  in  this  position,  the  center 
of  the  eccentric  strap  will  be  situated  J  inch  to  the  right  of 
the  crank-shaft  center  on  the  line/^.     With  this  point  as  a 
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center  and  a  radius  equal  to  the  distance  between  the  cen- 
ters of  the  eccentric  strap  and  the  hole  in  the  stub  end  of 
the  eccentric  rod  (see  detail  sketch),  in  this  case  2  feet 
4J  inches,  describe  an  arc  cutting  the  center  line  pq  in  0\ 
O  will  be  the  center  of  the  pin  on  the  valve-stem  slide,  which 
may  be  completed  by  aid  of  the  detail  sketch.  Complete 
the  drawing  of  the  eccentric,  eccentric  strap,  and  eccentric 
rod  in  both  views. 

Finally,  draw  in  the  bandwheel  and  flywheel  (see  general 
drawing  for  position).  The  flywheel  will  be  of  the  same 
diameter  as  the  bandwheel,  but  only  3  inches  wide. 

The  pencil  drawing  is  now  completed.  Before  beginning 
to  trace,  erase  the  lines  that  are  not  to  be  inked  in.  This 
is  not  necessary,  but  it  is  better  to  do  so,  since  it  avoids 
confusion  and  lessens  the  liability  of  making  mistakes. 
Some  draftsmen  prefer  to  redraw  a  portion  of  those  parts 
that  are  to  be  inked  in  with  a  somewhat  softer  pencil  and 
leave  the  light  construction  lines  on  the  drawing  rather 
than  erase  them;  in  some  cases,  this  saves  time. 

The  preliminary  directions  for  tracing  a  drawing  have 
been  given  previously.  First,  trace  the  side  elevation,  begin- 
ning with  the  flywheel,  and  then  as  much  of  the  connecting- 
rod,  eccentric,  and  eccentric  rod  as  can  be  seen.  Trace  all 
those  parts  of  the  bedplate,  cylinder,  valve  stem,  stuffing- 
box,  etc.  that  are  seen.  Then  trace  the  plan  view,  letter  the 
drawing,  and  draw  the  border  lines.  There  will  be  no  plate 
number  for  this  tracing,  but  the  student's  name,  class  num- 
ber, and  the  date  of  completion  will  be  put  on  as  before. 

The  student  should  exercise  particular  care  to  have  every 
dimension  scale  exactly  the  size  given  in  the  detail  sketches. 
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INTRODUCTION 

1,  Ortliogrpaphlc  Projection. — When  the  mechanic 
is  required  to  make  any  article  whose  form  or  dimensions 
are  not  previously  known,  it  is  evident  that  a  description 
of  the  work  in  question  should  be  furnished  him.  This 
description  may  be,  and  often  is,  given  by  verbal  instruc- 
tion; but  in  order  to  enable  the  worker  to  understand 
definitely  what  is  wanted,  the  form  of  the  object,  its  dimen- 
sions, and  the  quality  of  the  material  to  be  used  should  be 
stated.  Instruction  given  in  this  way  is,  however,  seldom 
satisfactory  either  to  the  workman  or  to  his  employer,  since 
it  is  difficult  in  such  cases  to  place  the  responsibility  for  any 
errors  that  may  occur. 

Written  instruction,  therefore,  would  seem  to  be  prefer- 
able; but,  since  most  objects  would  require  an  extended 
description,  a  shorter  and  more  convenient  method  of  con- 
veying the  desired  information  is  to  be  sought.  A  draw- 
ing of  the  object  is  therefore  made. 

These  drawings  are  generally  made  by  a  process  termed 
orthographic  projection^  or,  as  it  is  usually  called,  projec- 
tion drawing.  Every  detail  of  the  object  is  correctly 
represented  in  this  drawing,  so  that  the  workman  knowing 
how  to  **read  the  drawing"  may  obtain  his  measurements 
therefrom  for  the  construction  of  the  object  itself.  He  is 
also  enabled  by  an  examination  of  the  drawing  to  under- 
stand exactly  how  the  object  will  appear  when  completed. 
Hence,  we  have  the  following  definition: 
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Qrthogrraphie  projection  ts  the  process  of  making  cor- 
rect representations  of  objects  by  means  of  drawings. 

2.  A    Workinjar    Drawing:     Generally    Necessary. — 

Before  a  pattern  for  any  article  can  be  made,  a  working 
drawing  is  needed.  No  pattern,  however  simple  or  plain,  can 
be  produced  until  we  have  something  definite  to  work  from. 

The  metal  worker  does  not  go  to  the  trouble  of  preparing 
a  drawing  on  paper  for  every  piece  of  work  he  is  called  on 
to  make,  since  many  objects  are  so  plain  that  a  brief  verbal 
or  written  description  of  their  dimensions  gives  the  mechanic 
all  the  information  he  needs  to  enable  him  to  lay  out  his 
work. 

If,  for  example,  a  tinsmith  is  called  on  to  make  a  box  out 
of  IX  tin,  4  inches  long,  3  inches  wide,  and  1  inch  deep,  he 
immediately  proceeds  with  the  steel  square  to  lay  off  the 
given  sizes  directly  on  the  metal;  but  if  the  same  mechanic 
is  required  to  make  a  round  pan  having  flaring  sides  or  some 
article  of  a  form  not  readily  carried  in  the  mind,  there  is 
one  thing  he  must  do  before  he  can  proceed  with  the  work 
or  even  lay  out  the  pattern — he  must  make  a  working 
drawing?  of  the  object. 

3.  AVhat  Constitutes  a  Working  Di^awlng. — There 
are  several  ways  in  which  this  drawing  may  be  made, 
depending  altogether  on  how  complicated  the  object  is.  In 
the  case  of  the  pan  referred  to,  it  may  be  desirable,  by  an 
application  of  certain  principles,  to  omit  the  operation  of 
making  a  drawing  consisting  of  several  views  and  proceed 
as  with  the  box  to  **lay  it  out"  directly  on  the  metal.  In 
this  case,  however,  it  will  be  found  that  the  operation 
differs  from  that  of  making  the  box  referred  to,  since  it  is 
first  necessary  to  mark  out  the  sizes  and  outlines  as  they 
will  ap})ear  when  tlie  pan  is  completed.  These  sizes  may  or 
may  not  form  a  part  of  the  pattern,  but  they  are  required 
as  preliminary  lines  from  which  to  *'lay  off,"  or  **  strike 
out,"  the  pattern. 

^Marking  out  these  sizes  or  dimensions  of  an  object  is 
really  making  a  working  drawing.     This  drawing  may  be 
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full  size — in  which  case  it  is  referred  to  as  a  detail  draw- 
ing— or  it  may  be  drawn  to  a  scale,  either  larger  or  smaller 
than  the  object  itself. 

4.  Where  the  Braipv^lng  Is  Made. — In  the  case  of 
plain  articles,  the  necessary  drawings  may  be  made  directly 
on  the  metal ;  in  the  majority  of  cases,  however,  the  work  is 
of  a  more  or  less  complex  nature,  making  it  highly  impor- 
tant that  a  full-sized  properly  made  detail  drawing  be  used. 
This  is  not  always  provided,  and  the  mechanic  frequently 
has  to  rAake  his  own  detail  from  &  small  freehand  sketch  or 
possibly  from  a  drawing  made  to  a  small  scale.  In  the  latter 
case,  an  enlarged  drawing  must  generally  be  made  before 
the  work  of  laying  out  the  pattern  can  proceed.  This  neces- 
sitates operations  with  drafting  board  and  drawing  imple- 
ments— with  which  the  student  is  already  familiar.  The 
proficiency  that  has  been  acquired  may  now  be  put  into 
practical  use  in  the  operations  to  follow. 

It  is  the  purpose  of  this  section  to  present  methods  by 
which  working  drawings  may  be  made  and  read.  These 
methods  are  presented  in  a  practical  way,  that  the  principles 
laid  down  may  be  readily  understood  by  the  student. 


GENERAL   PRINCIPLES 

6.  Various  Kinds  of  Drawings. — The  most  common 
representations  of  objects  are  those  used  for  purposes  of 
illustration  merely  and  known  as  perspective  drawing^s. 
They  are  of  little  value  to  the  mechanic  to  serve  as  working 
drawings,  since  they  are  not  drawn  to  a  scale  in  the  same 
way  as  a  projection  drawing,  and  to  obtain  measurements 
therefrom  is  an  operation  both  complicated  and  indirect.  A 
photograph  is  an  ideal  perspective  picture,  but  no  one  would 
think  of  using  a  photograph  as  a  working  drawing.  The 
photograph  and  the  perspective  drawing  represent  the  object 
*'  as  we  see  it,"  or  as  it  appears  to  the  eye  of  the  observer, 
while  the  working  drawing — the  projection  drawing — repre- 
sents the  object   as  it  actually  is,  or  will  be  when  made. 
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A  photograph,  however,  shows  only  such  objects  as  really 
exist,  while  a  projection  drawing  often  shows  objects  that 
exist  only  in  the  imagination  of  the  draftsman  or  a  person 
capable  of  understanding,  or  **  reading,"  the  drawing.  By 
means  of  such  drawings  the  imagination  is  aided  in  pictur- 
ing the  object  as  already  constructed — or,  as  we  would  say, 
it  enables  the  mechanic  to  see  the  object  *'  in  his  mind's  eye. " 

6.  Wliat  Is  Shown  In  a  DraTving. — The  perspec- 
tive drawing  always  shows  more  than  one  side  of  an  object — 
generally  three  sides — while  the  working  drawing  seldom 
shows  more  than  one  side,  that  being  the  side  towards  the 
observer.  The  position  of  such  other  portions  of  the  object 
as  are  not  located  on  the  side  shown  in  the  drawing  may, 
however,  be  indicated  in  a  projection  drawing  by  dotted 
lines.  No  lines  should  be  used  in  a  working  drawing  that 
do  not  represent  actual  edges,  or  outlines,  in  the  object 
itself.  We  sometimes  find  certain  edges  or  outlines  of  an 
object  represented  in  a  drawing  by  heavy  lines.  These 
heavy  lines  are  called  shade  lines ;  but  since  they  are  not 
essential  features  of  the  working  drawing,  no  description  of 
them  is  necessary  in  this  section.  There  is  also  an  elaborate 
system  of  representing  the  effect  of  light  and  shade  on 
curved  and  receding  surfaces  by  means  of  lines  properly 
disposed  over  the  surfaces  shown  in  the  drawing.  Since 
these  lines  are  for  effect  only,  and  their  meaning  is  apparent 
to  the  observer,  the  principles  governing  their  use  are  not 
made  a  part  of  the  subject  matter  of  this  section. 

7.  Position  of  Observer.  —  Another  point  of  differ- 
ence between  the  perspective  and  the  projection  drawing  is 
that,  in  taking  the  view  of  which  the  perspective  drawing 
is  a  representation,  the  eye  of  the  observer  remains  in  a 
fixed  position,  and  in  the  same  relation  to  the  drawing  as  the 
camera  is  to  the  photograph ;  while  in  that  view  of  the 
object  of  which  the  projection  drawing  is  a  representation, 
the  eye  of  the  observer  is  always  supposed  to  be  directly 
over  or  opposite  that  point  in  the  drawing  which  is  being 
noted. 
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This  may  be  illustrated  by  the  student  for  himself  in  a 
very  simple  way.  Place  a  sheet  of  paper  on  the  drawing 
board  and  draw  a  horizontal  line,  say  6  inches  long;  now 
lay  an  ordinary  3-foot  pocket  rule  against  this  line,  in  the 
manner  shown  in  Fig.  1,  and  proceed  to  mark  off  the  line 


to  correspond  with  the  divisions  on  the  rule.  He  will  find 
that  he  is  obliged  to  get  his  eye  directly  over  each  mark  on 
the  rule,  and  to  "sight"  carefully  down  on  to  the  rule 
before  making  each  mark,  very  much  as  he  would  "sight " 
or  look  along  a  piece  of  work  to  see  whether  it  is  straight  or 
not.  It  will  be  noticed  also  that  he  is  making  owe  eye  do 
all  the  work  in  this  "sighting,"  and,  further,  it  will  be 
observed  that  in  making  the  markings  he  is  moving  his  head 
as  he  progresses  towards  the  end  of  the  line.  He  is  obliged 
to  do  this  to  keep  his  eye  exactly  over  each  point  on  the  line 
as  it  is  marked. 

8,  Xilne  of  Slslit. — The  line  first  drawn  on  the  paper 
is  not  the  only  one  made  use  of  in  reproducing  the  markings 
on  the  rule.  The  student  has  iiii consciously  made  use  of 
another  line,  or,  more  properly,  a  set  of  lines,  that  are  an 
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important  feature  of  projection  drawing.  These  lines  are 
those  made  use  of  in  doing  the  ** sighting"  necessary  for 
the  marks ;  they  are  purely  imaginary  lines  and  are  not  rep- 
resented in  the  illustration.  They  are  very  properly  called 
lines  of  slgrht.  The  lines  of  sight  in  a  projection  drawing 
are  always  perpendicular  to  the  drawing.  They  extend  from 
a  point  in  the  eye  of  the  observer  to  a  point  on  the  drawing 
that  is  directly  opposite,  as  indicated  by  the  point  of  the 
draftsman's  pencil  in  Fig.  1. 

These  lines  of  sight — which,  as  stated;  are  only  imaginary 
lines  and  are  not  represented  in  a  working  drawing — con- 
stitute one  of  the  most  important  features  of  the  projection 
drawing;  for  on  these  lines  we  are  enabled  to  obtain  the 
views  from  the  object,  and,  by  means  of  other  lines,  called 
pi*oJectors,  bearing  a  certain  relation  to  the  lines  of  sight 
(as  will  be  explained  later),  we  can  reproduce  the  views  thus 
obtained  on  the  drawing. 

9.  lilnes  of  Sigrht  Al^ways  Parallel.  —  When  it  is 
desired  to  make  a  drawing  of  any  object,  the  lines  of  sight 
must  be  used  in  the  same  manner  as  in  marking  the  divisions 
on  the  line  in  Fig.  1 ;  that  is,  care  must  be  taken  to  keep 
the  lines  of  sight  in  any  one  view  parallel  to  one  another. 
We  may  take  different  views  of  the  same  object,  or,  to 
express  it  otherwise,  we  may  take  positions  on  different 
sides  of  the  object,  in  order  to  obtain  views  therefrom ;  but 
in  any  view  thus  taken  the  above  statement  must  be  care- 
fully observed  and  the  lines  of  sight  kept  exactly  parallel  to 
one  another. 

10.  Several  Vie>vs  IN'eeessarj^. — We  have  already 
noted  that  a  projection  drawing  seldom  shows  but  one  side 
of  an  object.  Since  there  are  no  objects  that  present  all 
their  dimensions  on  any  one  side,  it  necessarily  follows  that, 
in  order  to  convey  a  correct  idea  of  the  form  of  an  object, 
it  is  necessary  to  make  a  drawing — or  a  projection — of  as 
many  sides  as  will  enable  the  correct  shape  and  dimensions 
to  be  shown.  We  may  make  these  drawings  from  as  many 
points  of  view  as  may  be  desired ;  but  for  certain  reasons, 
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to  which  attention  will  be  called  later,  it  is  generally  prefer- 
able to  view  all  objects  from  six  sides,  which  correspond  to 
the  six  sides  of  a  cube. 

11,  Before  we  proceed  with  th^  explanation  of  ortho- 
graphic projection,  it  is  important  that  the  student  should 
be  informed  about  what  are  known  as  the  angles  of  pro- 
jection. That  is  to  say,  he  must  know  something  about  the 
positions  supposed  to  be  assumed  by  the  object  when  the 
different  views  are  taken.  Draftsmen  generally  recognize 
for  projection  drawing  two  principal  angles  in  which  the 
objects  are  placed,  and  the  drawings  made  in  these  two 
angles  are  called,  respectively,  first-angle  projections  and 
third-angle  projections. 

These  different  positions  of  the  object  will  be  understood 
by  the  student  from  an  examination  of  Fig.  2,  in  which  four 
angles  are  formed  by  the  intersection  of  the  horizontal 
plane  A  B  CZ^with  the  vertical  plane  E FG  H.  Then,  of  the 
four  right  angles  included  between  the  planes,  the  angle  BPG 
is  called  the  first  angle,  the  angle  G PC  is  known  as  the 
second  angle,  the  angle  C  PF  is  the  third  angle,  and  the 
angle  F P B  is  the  fourth  angle.  In  the  view  shown  at  (a) 
these  two  planes  are  assumed  to  be  opaque  and  the  object  to 
be  transparent.  The  lines  of  sight  are  projected  from  the  eye 
of  the  observer  to  the  plane  of  projection,  through  the  object. 
In  the  view  at  (b)  the  planes  are  assumed  to  be  transparent 
and  the  lines  of  sight  pass  from  the  object  to  the  eye  of  the 
observer,  through  the  plane.  The  effect  of  these  different 
positions  of  the  object  is  merely  to  change  the  relative  posi- 
tions of  the  different  views  when  made  on  the  drawing  board. 

The  drawings  made  in  this  section  are  first-angle  pro- 
jections. Third-angle  projections  are  made  by  processes 
similar  to  those  here  explained  and  the  different  positions  of 
the  views  will  be  pointed  out  to  the  student  at  the  proper 
time. 

12.  Plans  and  "Klevations. — It  being  assumed  that 
the  object  is  in  some  fixed  position,  the  various  views  take 
their  names  from  the  different  positions  of  the  observer  in 
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his  view  of  the  object.     Thus,  a  view  taken  from  above,  or 
looking  down  on  the  object,  is  called  a  plan ;    so  also  is  a 


view  from   beneath,    ur   looking  np  at    the   object;  thus  we 
h:ive  the  ternis  lop  plan  and  bottom  plan.     Tlie  two  views 
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thus  obtained  are  frequently  designated  by  terms  that  vary 
with  the  class  of  objects  represented  and  not  infrequently 
derive  their  names  from  some  portion  of  the  object  itself. 
Thus,  a  top  plan  of  a  house  is  a  view  of  the  roof  taken  from 
above  and  is  called  a  roof  plan  ;  while  a  ceiling  plan  is,  as 
its  name  indicates,  a  view  of  another  part  of  the  house  taken 
from  the  opposite  direction.  In  the  case  of  small  objects 
generally,  such  views  are  termed  top  plan  or  bottom  plan^  as 
the  case  may  be.  These  vie^vs,  in  certain  cases,  should  be 
marked  on  the  drawing,  in  order  to  guard  against  error. 
Here  it  should  be  noted  that  while  the  position  of  the  object 
is  not  changed  in  making  either  the  top  or  the  bottom  plan, 
yet  the  position  of  the  observer  is.  When  the  two  plans 
thus  made  are  compared,  it  is  found  that  the  corresponding 
points  of  the  drawings  are  changed  in  their  relation  to  each 
other  in  the  same  manner  as  the  hands  of  two  persons  that 
are  standing  exactly  in  front  of  and  facing  each  other — the 
right  hand  of  the  one  being  opposite  to  the  left  hand  of  the 
other. 

A  view  taken  from  the  side  of  an  object  is  called  an 
elevation.  That  side  of  an  object  shown  in  any  elevation 
gives  its  name  to  that  drawing;  thus,  a  view  of  the  front  of 
an  object  is  called  a  front  elevation.  So,  also,  we  have  the 
terms  rear  elevation  and  side  elevation.  In  some  cases  it  may 
be  more  convenient  to  designate  the  elevations  by  the  points 
of  the  compass ;  for  example,  the  north  elevation  of  a  build- 
ing is  a  projection  of  that  part  of  the  building  which  faces 
north,  or,  to  state  it  as  we  have  done  before,  that  part  of 
the  building  seen  when  looked  at  from  the  north. 

13.  Section  Drawlnpfs. — Cases  frequently  occur  in 
which  the  views  or  dimensions  desired  to  be  given  on  a 
working  drawing  cannot  be  shown  in  either  plans  or  eleva- 
tions. Under  such  circumstances,  recourse  is  often  had  to 
a  class  of  drawings  termed  sections.  A  section  drawing  is 
a  projection  of  an  object  assumed  to  have  been  cut  in  two 
in  a  certain  direction,  usually  at  right  angles  to  the  lines  of 
sight.     Those  parts  of  the  object  between  the  observer  and 
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the  place  where  the  cut  is  made  are  assumed  to  have  been 
removed,  so  as  to  present  an  entirely  new  surface.  This 
surface  is  not  seen  in  the  object  itself,  since  the  cutting  is 
entirely  imaginary — done  simply  for  the  purpose  of  showing 
some  interior  construction. 

The  cut  just  referred  to  may  be  made  in  a  horizontal^  a 
vertical^  or  an  oblique  direction,  according  to  the  way  in  which 
it  is  desired  to  show  the  section.  Portions  of  Surfaces  that 
have  been  cut  in  this  way  are  usually  represented  by  certain 
conventional  methods,  indicating  the  character  or  composition 
of  the  material.  A  custom  frequently  adopted,  and  which 
will  be  followed  in  the  drawings  for  this  section,  consists  in 
designating  surfaces  exposed  by  the  cut  by  a  series  of  closely 
drawn  parallel  lines.  Such  lines  are  usually  drawn  at  an 
oblique  angle,  as  compared  with  the  other  portions  of  the 
drawing,  and  are  called  cross-section  lines  or  cross-hatching, 

14,  A  Set  of  Plans. — It  is  a  common  practice,  when 
speaking  of  a  set  of  drawings  consisting  of  various  plans, 
elevations,  sections,  etc. — as  for  a  house  or  for  some  other 
object — to  refer  to  them  as  a  **set  of  plans."  This  is  a 
collective  phrase  for  the  drawings  and  its  use  in  this  way  is 
perfectly  proper;  when  used  in  this  sense,  however,  it  is  not 
understood  as  applying  simply  to  a  plan  view  as  explained 
in  Art.  12.  Drawings  for  large  objects  are  frequently  of  a 
size  such  that  the  different  views  are  more  conveniently 
made  on  separate  sheets.  Architectural  drawings  are  usually 
separated  in  this  way,  and  it  is  often  necessary  for  the  one 
that  is  to  read  such  drawings  to  arrange  the  sheets  in  a 
particular  manner,  in  order  that  the  relation  between  the 
views  may  be  understood.  This  arrangement  of  the  views 
will  be  considered  later. 

15.  Foreshortened  Tle^vs. — The  lines  in  a  projection 
drawing — or,  as  we  shall  term  it  hereafter,  a  projection — are 
either  of  the  same  length  as  the  corresponding  edges  or  out- 
lines of  the  object  itself,  or  they  arc  forcsJiortcucd.  No 
lines  are  represented  longer  than  they  actually  exist  on  the 
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object,  except  in  cases  where  the  drawing  is  made  to  an 
enlarged  scale.  All  lines  that  are  used  to  represent  the 
edges  or  outlines  of  an  objec^,  and  that  are  at  right  angles  to 
the  lines  of  sight  in  any  view,  are  represented  in  that  view 
by  their  true  length.  Lines  that  represent  other  edges  or 
outlines,  and  are  not  at  right  angles  to  the  lines  of  sight,  are 
consequently  represented  shorter  than  they  exist  on  the 
object,  and  are  then  said  to  be  foreshortened. 

16.  Geometrical  Forms. — The  simplest  geometrical 
form  that  we  can  imagine  is  a  point;  next  we  have  a  line^ 
defined  as  the  shortest  distance  between  two  points;  then  a 
surface^  which  is  a  flat,  or  plane,  figure  bounded  by  lines ;  and, 
finally,  a  solid^  which  in  turn  is  bounded  by  different  surfaces. 

17.  The  Combination  of  Geometrical  Forms. — Since 
the  mechanic  deals  with  objects  of  various  forms  that 
may  be  said  to  represent  geometrical  solids,  we  shall 
endeavor  to  convey  an  idea  of  the  way  in  which  the  repre- 
sentation of  these  objects  may  be  simplified  by  resolving 
them  into  their  elements,  or  the  parts  that  combine  to  pro- 
duce these  forms.  We  thus  have  to  deal  with  points,  lines, 
surfaces,  and  solids;  of  these  four  things,  one  only — the 
solid — can  be  represented  by  any  actual  thing  or  be  such 
as  to  enable  us  to  handle  it,  for, there  is  no  object  that  does 
not  possess  lengthy  breadth^  dind^thickncss  to  a  greater  or  less 
extent.  It  consequently  follows  that  the  other  three  forms 
are  entirely  imaginary.  The  student  that  can  most  readily 
conceive  or  imagine  their  existence  in  this  way  will  most 
readily  comprehend  the  principles  involved  in  projection 
drawing  and  pattern  drafting. 

18.  A    Test    of    the    Studenrs    Imagination.  —  The 

following  illustration  will  show  how  a  solid  may  be  resolved 
into  the  simplest  of  its  elements  and  still  retain  its  definite 
and  characteristic  form.  We  will  suppose  a  sheet-metal  box 
to  be  made  in  the  form  of  a  cube,  each  edge  being  1  inch 
long.  The  six  square  pieces  of  sheet  metal  that  make  the 
sides  of  this  box  are  to  be  lightly  soldered  together,  **edge 
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and  edge. "  This  box  represents  a  geometrical  solid,  although 
it  is  by  no  means  a  solid  considered  in  a  physical,  or  prac- 
tical, sense.  It  is,  in  fact,  popularly  spoken  of  as  being 
**  hollow  ";  but  we  could  very  readily  convert  it  into  a  solid 
by  filling  it  with  molten  solder.  It  represents,  however,  as 
it  is,  a  geometrical  solid,  and  as  such  we  will  consider  the 
parts  of  which  it  is  made  up,  without  paying  any  attention 
in  this  elementary  part  of  the  subject  to  the  material  of 
which  it  is  composed.  We  are  now  dealing  with  y<?r;;/.y  only, 
and  until  these  principles  are  fixed  in  the  student's  mind  no 
attention  will  be  paid  to  other  details. 

19.  We  first  look  for  the  surfaces  of  this  solid,  of  which 
we  find  six.  The  student  may  have  some  difficulty  inunder- 
standinjj  that  the  surfaces  of  this  cube,  which  he  can  appar- 
ently distinguish  by  the  sense  of  touch,  exist  only  in  an 
imaginary  way.  We  refer  him,  therefore,  to  our  definitions 
for  the  explanation  of  this  seeming  paradox.  A  surface,  we 
have  been  told,  has  length  and  breadth,  while  a  solid  has 
these  and  also  a  third  property — thickness.  Now,  as  we 
have  said  before,  we  cannot  consider  the  material  of  which 
the  cube  is  composed,  but  if  we  handle  it  we  will  be  obliged 
to  refer  to  the  metal  of  which  the  sides  of  the  cube  are  made. 
These  metal  sides  have  thickness;  it  may  be  only  a  few 
thousandths  of  an  inch,  but  still  it  is  thickness,  and  conse- 
quently does  not  come  within  our  definition  of  a  surface.  A 
surface  may  be  compared  to  a  shadow,  which  can  be  dis- 
tinguished by  its  outlines  or  shape,  but,  as  every  one  knows, 
is  absolutely  without  thickness.  It  is  in  this  sense  that  we 
refer  to  the  sides  of  the  cube  as  its  surfaces.  We  find  also 
that  each  of  these  six  surfaces  is  bounded,  or  defined,  by  four 
edges  or  outlines,  the  lines  in  turn  being  terminated  at  the 
corners  of  the  cube  by  points,  of  which  there  are  eight.  It 
will  now  be  seen  that  these  eight  points,  situated  at  the 
extremities  of  the  lines,  or  edges,  of  the  cube,  perfectly 
define  the  shape  and  size  of  the  geometrical  solid. 

If  we  could  imagine  the  metal  sides  of  the  cube  to  dis- 
appear entirely,  leaving  only  the  points  at  the  corners,  we 
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would  still  have  as  perfect  a  representation  of  the  size  and 
shape  of  the  cube  in  our  minds  as  if  it  had  an  actual  exist- 
ence and  could  be  seen  by  the  eye.  For  these  imaginary 
points  could  then  very  easily  be  imagined  as  being  connected 
by  lines,  and  we  could  then  **  see  '*  the  surfaces,  and  finally 
the  solid,  existing  in  the  same  imaginary  way.  It  will  thus 
be  comparatively  easy  for  us  to  transfer  a  representation  of 
this  solid  to  our  drawing,  since  we  can  use  the  points  as  the 
markings  on  the  rule  were  used  in  connection  with  the  lines 
of  sight  in  a  previous  illustration. 

20,  The  Imagrintttlon  a  Valuable  Assistant  to  the 
Draftsman.  —  An  object,  or  solid,  of  any  conceivable 
shape  may  thus  be  resolved  into  its  elementary  parts  or 
points.  The  drawing  of  the  object,  then,  will  consist  simply 
of  locating  the  positions  of  these  points  on  the  drawing. 
We  may  have  drawings  to  make  that  will  require  the  location 
of  a  hundred  or  more  of  these  points,  depending  entirely  on 
the  form  or  shape  of  the  object  we  are  dealing  with,  but  the 
principles  are  in  all  cases  the  same. 

If  the  student,  after  resolving  an  object  in  this  imaginary 
way,  will  carefully  study  or  imagine  the  proper  location  of 
these  points  in  their  relation  to  the  object  itself,  defining 
their  positions  on  the  drawing  one  at  a  time,  much  that  may 
appear  complicated  at  first  sight  will  resolve  itself  into  very 
simple  and  comparatively  elementary  work.  Complicated 
work  is  usually  nothing  more  or  less  than  the  aggregation  of 
a  number  of  simple  operations  that  appear  complicated  only 
because  they  are  combined.  There  is  no  field  of  work  to 
which  the  latter  statement  is  more  applicable  than  to  that  of 
the  draftsman. 

It  is  in  the  **  imaginary  "  way  thus  described  that  the 
student  is  directed  to  picture  to  himself  each  figure  as  pre- 
sented to  him  for  the  making  of  the  drawings  on  the  plates. 
This  part  of  the  study  is,  as  will  be  noticed,  almost  entirely 
the  work  of  the  imagination ;  but  it  should  be  practiced  by 
the  student  for  the  sake  of  the  assistance  it  will  be  to  him 
later  on. 

C.    /F.— /J 
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The  operations  of  projection  drawing  follow  one  another 
in  a  natural  sequence,  which  we  will  proceed  to  trace  out  in 
a  series  of  drawing  plates.  '  As  the  student  follows  these 
operations,  keeping  in  mind  the  foregoing  principles,  he  will 
have  no  difficulty  in  making  or  reading  any  drawing. 


PLATES 

21,  Seven  plates  are  to  be  drawn  by  the  student  in 
accordance  with  the  directions  given  in  this  section.  They 
are  to  be  of  the  same  size  as  those  drawn  for  Geometrical 
Drawings  and  the  same  general  instructions  regarding  the 
preparation  of  the  plates  are  to  be  observed;  they  must  be 
drawn  and  sent  to  us  for  correction  in  the  same  manner. 

The  letter  heading  for  each  problem,  which  has  heretofore 
been  placed  on  the  drawing,  will  be  omitted,  and  the  stu- 
dent is  required  only  to  designate  each  plate  with  the  letter 
heading,  or  title,  that  is  printed  in  heavy-faced  .type,  both 
in  this  section  and  on  the  reduced  copies  of  the  plate.  For 
this  purpose  the  block-letter  alphabet  is  used. 

22.  The  dimension  lines  and  figures  shown  in  the  first 
three  problems  of  the  drawing  plate,  title:  Projections  I,  are 

to  be  especially  noticed  by  the 


Bight 


-Wrong- 


Student.  They  are  ordinarily 
used  in  all  working  draw- 
ings, and  preference  is  invari- 
ably given  to  a  dimension 
^^^•3  figure,  rather  than  to  the  scale 

to  which  a  drawing  is  made.  Dimension  figures  are  not  to 
be  placed  on  the  plates,  since  the  object  in  requiring  the 
student  to  draw  these  projections  is  rather  to  enable  him  to 
gain  an  idea  of  their  principles  than  to  be  able  to  make  a 
finished  working  drawing. 

Dimension  and  extension  lines  when  used  should  be  light 
broken  lines.  Care  should  be  exercised  to  make  the  arrow- 
heads as  neatly  as  possible  and  of  a  uniform  size — not  too  flar- 
ing. They  are  made  with  a  steel  writing  pen  and  their  points 
should  touch  the  extension  lines,  as  illustrated  in  Fig.  3. 
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DRAWING  PTiATp:,  TITLE:    PROJECTIONS  I 

23.  General  Instructions. — This  plate  is  divided  into 
four  equal  spaces,  and  each  of  these  divisions,  with  the 
exception  of  the  upper  left-hand  space,  is  again  divided,  by 
means  of  a  central  vertical  line,  into  two  equal  parts.  Use 
light  pencil  lines,  as  they  are  not  to  be  inked  in  and  are 
intended  only  to  facilitate  the  location  of  the  problems. 
These  lines  are  not  shown  on  the  printed  copies  of  the 
plates.  Before  attempting  to  draw  any  of  the  problems 
on  the  plate,  the  explanations  accompanying  each  problem 
should  first  be  carefully  read  and  compared  with  the  reduced 
copy  of  the  plate  and  also  with  the  illustrations  in  this  sec- 
tion. The  principles  of  projection  drawing  will  thus  be 
better  understood  by  the  student  and  their  application 
readily  made  when  more  difficult  drawings  are  undertaken. 

The  fundamental  laius  of  projeetion  are  contained  in  the 
first  four  problems y  and  if  these  are  thoroughly  mastered  by 
the  student^  the  application  of  the  laivs  to  the  repnaining prob- 
lems will  be  comparatively  easy, 

24,  Why  Dlflferent  Views  Are  Drawn. — The  names 
of  the  different  views  have  already  been  noted;  in  this 
plate  it  is  shown  how  they  are  distinguished  from  one 
another  in  a  drawing.  The  relation  of  the  different  views 
to  one  another  will  also  be  explained. 

Some  objects  in  certain  positions  may  have  all  their 
dimensions  represented  in  two  views — a  plan  and  an  eleva- 
tion— but  generally  three  views  should  be  drawn.  There 
arc,  indeed,  many  cases  where  views  from  each  of  the 
six  sides,  as  well  as  sections  and  views  taken  from  oblique 
positions,  are  necessary.  It  has  already  been  observed  that 
lines  are  represented  in  their  true  length  only  when  at  right 
angles  to  the  lines  of  sight;  consequently,  since  the  posi- 
tion of  the  object  in  any  set  of  views  is  not  changed,  it  is 
necessary  to  change  the  position  of  the  observer  in  such  a 
manner  as  to  bring  the  lines  of  sight  where  they  will  be  at 
right  angles  to  the  lines  in  the  object,  thus  enabling  the 
latter  to  be  shown  in  their  true  length  on  the  drawing. 
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The  student  will  readily  perceive  that  in  drafting-room 
work  it  is  of  the  highest  importance  that  the  lines  which 
combine  to  make  up  the  surfaces  of  any  object  should  be 
shown  in  their  true  lengthy  or  at  least  be  presented  in  such 
positions  that  their  true  lengths  may  be  easily  found.  With- 
out these  true  lengths,  no  measurements  can  be  obtained 
from  which  to  lay  out  patterns,  a  pattern  being  merely  a 
representation  of  the  surfaces  of  some  solid.  It  is  neces- 
sary, therefore,  to  be  prepared  to  take  views  of  any  object 
from  any  position;  for  there  are  many  different  forms,  or 
shapes,  of  solids,  and  it  is  necessary  to  be  able  to  show  in  its 
true  length  any  line  in  the  object  that  may  be  needed  for  a 
pattern. 

26,  The  Base  lilne. — We  shall  first  consider  objects 
in  positions  that  may  be  shown  in  two  views.  Draw  a 
horizontal  line  through  the  central  portion  of  the  upper  left- 
hand  space  on  the  drawing,  as  at  ;;/-;/  on  the  plate.  In  the 
portion  of  the  space  below  this  line  are  to  be  drawn  the  top 
plans  of  each  of  the  two  simplest  forms,  viz.,  the  point  and 
the  line.  The  space  above  this  line  is  to  contain-  the  eleva- 
tions of  the  same  forms.  The  line  thus  drawn  is  called  a 
base  line  and  defines  the  boundary  of  the  surfaces  on 
which  we  are  to  **  sight,"  or,  as  we  shall  say  hereafter,  on 
which  we  are  to  project  the  lines  of  sight.  It  is  necessary 
to  call  the  imagination  into  use  again  and  imagine  the 
paper  to  be  bent  up  at  a  right  angle  on  this  line. 

26.  Planes  of  Projection. — The  drawing  paper  is 
imagined  to  be  the  surface  that  intercepts  the  lines  of  sight; 
and  in  the  case  of  a  plan,  as  seen  from  instruction  already 
given,  must  be  a  horizontal  surface,  while  in  the  case  of  an 
elevation,  it  is  imagined  to  be  a  vertical  surface.  The  dif- 
ferent portions  of  the  drawing  on  which  the  projections  are 
made  are  called  planes  of  projection,  and  are  also  distin- 
guished by  other  names  that  designate  the  position  they  are 
supposed  to  occupy  in  intercepting  the  lines  of  sight.  That 
portion  of  the  drawing  on  which  the  elevation  is  drawn  is 
called  the  vertical  plane  of  projection;   it  is  represented 
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on  this  plate  by  the  space  above  the  base  line ;  the  portion 
below  the  base  line  is  devoted  to  the  plan  and  is  called  the 
horizontal  plane  of  projection.  We  shall,  for  the  sake  of 
brevity,  refer  to  these  surfaces  by  the  use  of  the  letters 
V  P  and  H  P,  respectively.  Copy  these  letters  into  the  upper 
and  the  lower  left-hand  portion  of  their  respective  spaces 
on  the  drawing,  using  for  that  purpose  a  block  letter  one- 
half  the  size  of  the  title  letter  and  leaving  a  distance  of 
i  inch  from  the  border  lines  of  the  spaces. 

27.  Foot  of  the  liine  of  Sigrht. — Before  proceeding 
with  the  drawing  of  this  plate,  it  is  desired  to  call  the  atten- 
tion of  the  student  to  the  distinction  to  be  observed  between 
the  imaginative  and  the  practical  features  of  this  subject. 
The  imaginative  feature  is  employed  when  a  conception  of 
an  object  is  formed  by  the  student  in  accordance  with  the 
instruction  in  previous  articles,  and  also  when  the  lines  of 
sight  are  applied  in  the  imaginary  way,  as  in  the  **  sighting  " 
illustrated  in  Fig.  1.  The  application  of  the  practical 
feature  in  this  instance  is  made  when  the  position  of  each 
division  of  the  rule  is  indicated  on  the  drawing  by  a  pencil 
mark  or  dot.  The  practical  part  of  the  work  is  always 
accomplished  by  the  aid  of  pencil  and  drawing  instruments. 

The  two  features  are  closely  associated,  since  we  cannot 
have  a  practical  representation  of  any  object  without  first 
having  an  idea,  or  an  imaginative  conception,  either  of  the 
object  itself  or  of  the  means  of  projection.  The  practical 
feature  of  the  work  was  introduced  in  the  illustration  (Fig.  1) 
when  a  mark  or  dot  was  made  on  the  paper,  thereby  indica- 
ting the  position  of  the  point  at  which  the  line  of  sight  was 
intercepted  by  the  plane  of  projection. 

That  point  on  any  plane  or  drawing  where  a  line  of  sight 
is  intercepted  is  called  the  foot  of  the  line  of  sight.  When 
the  foot  of  every  line  of  sight  that  can  be  used  on  the  ele- 
mentary points  of  any  object  is  thus  represented  on  the 
drawing  by  dots,  and  connecting  lines  are  drawn  between 
such  dots,  the  drawing  is  completed,  and  the  object  is  said 
to  be  **  projected." 
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28,  Projectors. — If  but  one  view  of  an  object  were 
required,  the  use  of  the  lines  of  sight  as  previously  explained 
(representing  the  imaginative  feature)  and  the  drawing  of 
the  dots  and  lines  referred  to  in  the  previous  article  (repre- 
senting the  practical  feature)  would  be  all  that  is  necessary 
for  the  student  to  understand  before  proceeding  with  the 
work  on  the  drawing  board. 

Since  it  has  been  shown  that  several  views  are  required, 
another  important  practical  feature  must  necessarily  be 
explained.  This  relates  to  the  connection  usually  established 
between  the  different  views  of  a  drawing  and  the  lines  that 
are  drawn  in  a  certain  manner  between  corresponding  points 
in  each  view.  These  lines  are  usually  not  represented  in  a 
finished  drawing,  since  they  are  in  the  nature  of  construction 
lines.  They  are  essential,  however,  to  the  work  of  making 
the  drawing,  and  it  is  very  important  that  the  student  should 
thoroughly  understand  the  principles  by  which  they  are 
employed.  These  lines  are  called  projectors  and  may  be 
defined  as  the  frnce  of  a  line  of  sight,  or  the  representation 
of  the  foot  of  a  line  of  sight  moving  in  a  certain  direction. 
Projectors  are  used  in  two  ways,  which  are  distinguished 
from  each  other  for  the  present  by  the  terms  primary  and 
secondary. 

29.  Primary  Projectors. — This  use  of  projectors  is 
illustrated  in  Fig.  4,  which  shows  the  drawing  bent  up  at  a 
right  angle  along  the  base  line  ;;/-;/.  The  point  A  is  pro- 
jected to  H  P  by  the  vertical  line  of  sight  C  B\  it  is  also 
projected  to  V  P  by  the  horizontal  line  of  sight  D  E\  B  and  E 
are  dots  at  the  foot  of  each  line  of  sight. 

It  is  assumed  that  the  first  position  of  the  observer  is  at  C\ 
he  then  moves,  in  the  direction  of  the  arrow,  along  the 
dotted  line  to  D.  If,  in  so  doing,  he  continues  to  sight 
through  the  point  A^  it  is  apparent  that  a  line  will  be  traced 
from  B  to  F o\\  H  P  and  from  /''to  E  on  V  P.  The  upright 
portion  of  the  drawing  V  P  is  now  imagined  to  be  bent  back- 
vrards  until  laid  flat  on  the  drawing  board,  and  it  is  evident 
that  E  F  B  is   represented  on  the  flat  surface  of  the  two 
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planes  of  projection  by  the  straight  line  /;'  F  B.  It  may 
therefore  be  drawn  as  a  straight  line  by  the  aid  of  the  tri- 
angle and  T  square,  the  position  of  the  point  A  in  each  view 
being  determined  by  the  points  B  and  E'  at  the  extremities 


of  the  line.  These  points  (or  dots,  for  points,  being  entirely 
imaginary,  could  not,  of  course,  be  actually  represented)* 
B  and  E'  are  the  projections  of  the  point  A — the  line 
drawn  between  them  (i7/"£')  is  called  ^projector.     When 


•  Attention  has  been  called  to  the  fact  that  points,  lines,  and  surfaces 
are  entirely  imaginary  geometrical  forms.  This  is  true  in  the  sense 
that  the  student  must  consider  such  forms  in  the  imaginative  study  of 
this  subject.  When  their  representation  on  the  drawing  paper  is  con- 
sidered, however,  something  that  can  actually  be  seen  by  the  eye  is 
re<)uired.  Therefore,  when  a  point  is  referred  to  in  this  section  as  per- 
taining to  the  drawing,  it  is  to  1>e  represented  by  a  neat  dot  in  the 
proper  place  on  the  retpcr.  In  like  manner,  a  line  should  be  re]»rcs«nt('d 
by  a  fine  pencil  mark  drawn  l>ctween  two  points  marking  its  extrem- 
ities. When  the  line  is  to  serve  a  s]>ecial  purpose,  as  explained  in  this 
section,  it  is  inked  in  in  a  particular  manner  characteristic  of  its  use.  in 
order  that  the  drawing  may  be  mi>re  easily  read.  A  surface,  therefore, 
would  be  represented  by  a  portion  cjf  the  drawing  iKmnded  by  the 
proper  lines  and  descriptive  of  the  form  of  surface  represented.'  Re- 
member that  accurate  work  cannot  l>c  done  unless  the  iiencil  [HHnts  are 
in  good  condition.  The  studtnt  should  provide  himself  with  a  smooth 
file  cir  piece  of  tine  sandjiapcr  and  frequently  sharixin  the  chisel  p<nnt 
of  the  leads  in  both  [ttucil  and  conijasses,  in  order  that  fine  sharp  lines 
may  be  readily  drawn. 
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projectors  are  used  as  in  this  illustration — that  is,  between 
two  planes  that  may  actually  be  bent  up  as  shown  in  Fig.  4 — 
they  are  said  to  be  used  in  a  primary  manner. 

The  secondary  use  of  the  projector  will  be  shown  in  con- 
nection with  Problem  3,  Case  III. 

The  practical  use  of  the  projector  is  clearly  shown  in  the 
following  problems.  It  is  a  most  important  factor  in  the 
projection,  and,  as  will  be  seen  from  instruction  soon  to 
follow,  is  often  the  first  line  to  be  used  in  a  drawing. 


PROBLEM  1 

30.  To  project  the  plan  and  elevation  of  an  Imag:- 
Inary  point. 

There  are  two  cases  of  this  problem,  representing  differ- 
ent positions  of  the  point.  Definite  instructions  are  given 
for  drawing  the  first  projection  and  the  student  is  expected 
to  draw  the  second  projection  without  further  directions. 

Case  I. —  Whe7i  the  poiftt  is  located  1  inch  frpm  each  of  the 
two  stir  faces  V  P  and  H  P. 

This  position  is  illustrated  in  Fig.  4,  referred  to  in 
Art.  29. 

Construction. — Fix  a  point  B  (see  plate)  1  inch  below 
the  base  line  on  the  drawing.  This  point  should  be  |  inch 
from  the  left-hand  side  of  the  drawing  and  is  the  plan  view 
of  the  point  given  in  the  problem.  Bring  the  T  square  and 
triangle  into  position  and  draw  the  projector  vertically 
upwards  and  across  the  base  line.  Fix  a  point  at.£'  on  the 
projector  1  inch  above  the  base  line.  A  projection  drawing 
is  thus  made,  showing  two  views — a  plan  and  an  elevation 
— of  the  required  point,  the  position  of  which  is  thus  defi- 
nitely established. 

Fig.  4  is  an  illustration  of  the  imaginative  feature  and 
the  projection  drawing  just  made  is  a  representation  of  the 
practical  feature  of  the  work — the  part  actually  made  by 
the  draftsman.  The  intimate  connection  between  the  two 
features  may  be  seen  if  the  drawing  just  made  is  compared 
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with  the  illustration  in  Fig.  4.  Similar  results  are  found 
to  have  been  accomplished  in  both  cases,  the  method  last 
employed  being  the  only  one  practicable  for  actual  use. 
When  inking  in  this  drawing,  make  small  round  dots  to 
represent  the  positions  of  the  points,  and  always  ink  in 
projectors  as  light  dot-and-dash  lines,  as  shown  on  the 
plate.  These  dot-and-dash  lines  should  be  inked  in  in  a 
uniform  manner,  as  on  the  plate,  the  dashes  being  about 
i  inch  in  length  and  spaced  about  ^  inch  apart,  with  a 
light  dot  between  each  dash.  Measure  the  distances  by  the 
eye  and  preserve  a  uniform  shade  for  all  projectors,  thus 
giving  the  drawing  a  neat  appearance.  The  base  line  should 
be  represented  by  a  heavy  dotted  line,  as  shown  at  m-n  in 
the  perspective  illustration  of  Fig.  4. 

When  making  the  preliminary  drawings,  do  not  attempt 
to  draw  dotted  lines  with  the  pencil,  since  this  is  liable  to 
affect  the  accuracy  of  the  work.  Keep  the  chisel  point  of 
the  pencil  sharp  and  draw  as  fine  a  line  as  can  be  distinctly 
seen.  The  contrast  between  the  different  lines  on  the  draw- 
ing may  then  be  clearly  indicated  when  the  work  is  inked  in. 

Case  II. —  When  the  point  is  located  i^  inches  from  V  P 
and  \  inch  from  H  P. 

The  student  will  fix  the  location  of  the  point  in  the  plan 
and  elevation  on  the  drawing  without  further  instructions, 
bearing  in  mind  the  fact  that  distances  from  V  P  are  meas- 
ured on  the  plan  and  distances  from  H  P  are  shown  in  the 
elevation.  Reference  to  Fig.  4  explains  this  statement. 
Case  II  should  be  placed  on  the  drawing  about  ^  inch  to  the 
right  of  the  preceding  figure. 


PROBLEM  2 

31.  To  project  the  plan  and  elevation  of  an  Imag:- 
inary  line,  the  line  being  in  a  right  position. 

The  term  right  position  is  used  in  connection  with  pro- 
jection drawing  as  distinguished  from  the  terms  inclined, 
or  oblique,  position.     The  line,  therefore,  can  be  either  in  a 
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horizontal  position  or  in  a  vertical  position  and  still  be 
designated  as  in  a  right  position.  There  are  three  figures 
for  this  problem,  representing  three  cases  where  the  line  is 
in  a  right  position  and  yet  represented  differently  on  the 
drawing.  The  different  positions,  the  various  distances, 
and  the  length  of  the  lines  for  the  three  cases  of  this  prob- 
lem are  clearly  illustrated  in  the  pjerspective  drawings 
shown  in  Figs.  5,  6,  and  7.  Instructions  are  given  for  the 
drawing  of  Case  I  on  the  plate,  but  the  student  is  expected 
to  be  able  to  make  the  drawings  for  Cases  II  and  III  with- 
out further  directions  than  those  contained  in  the  illustra- 
tions. Be  careful  to  preserve  a  distance  of  \  inch  between 
the  drawings,  so  that  the  plate  may  present  a  neat  appear- 
ance when  completed. 

Cane  \.—  \Vhcn  the  line  is  parallel  to  both  H  P  and\  P. 

ExpLAXATiox. — This  position  of  the  line  is  illustrated  in 
Fig.  5,  and,  as  apparent  from  that  figure,  the  drawing  is 


Fig.  5 

merely  an  extension  of  Problem  1.  Each  end  of  the  line 
is  treated  as  a  j)oint,  projected  first  to  the  plan  and  after- 
wards to  the  elevation  in  precisely  the  same  manner  as  was 
the  point  in  Problem  1,  the  only  differencx^  V)eing  that  there 
arc  two  points  instead  of  one,  for  we  cannot  have  a  line 
without  establishing  at  least  two  points. 
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This  problem  also  illustrates  another  principle  of  projec- 
tion already  referred  to,  viz.,  all  lines  at  right  angles  to  the 
lines  of  sight  in  any  view  are  shown  in  that  view  in  their 
true  length;  or,  in  other  words,  the  lines  that  are  to  be 
made  on  the  drawing  to  represent  the  plan  and  elevation 
of  A  B,  Fig.  5,  will  be  of  the  same  length  as  A  B  is  indi- 
cated in  the  figure,  viz.,  2  inches.  The  angles  HA  B  and 
LAB  are  right  angles,  although  shown  in  perspective  in 
the  figiire;  and,  since  the  lines  of  sight  in  any  view  are 
always  parallel  to  each  other,  the  angles  G  B  A  and  K  B  A 
must  also  be  right  angles;  consequently,  as  the  line  A  B  is 
at  right  angles  to  the  lines  of  sight  in  both  views,  it  must 
be  shown  in  its  true  length  in  both  the  plan  and  the  eleva- 
tion on  the  drawing. 

Construction. — To  make  this  drawing  on  the  plate,  draw 
a  horizontal  line  of  the  given  length  and  the  proper  dis- 
tance (i.  e.,  1  inch)  below  the  base  line.  This  will  be  the 
plan  of  the  line  A  R.  From  each  end  of  this  line  (CD  in 
Fig.  5  and  on  the  plate)  draw  projectors  to  the  elevation ; 
or,  to  use  the  term  by  which  such  operations  are  desig- 
nated, project  the  ends  of  the  line  C D  \,o  the  elevation. 
After  measuring  off  the  proper  height  above  the  base  line, 
draw  the  horizontal  line  E F^  which  is  the  elevation  of  the 
line  A  B. 

Note. — When  a  point  is  projected  from  one  view  to  another,  its 
projector  (a  straight  line)  is  drawn  from  the  first  view  to  the  view  pro- 
jected, and  always  at  right  angles  to  the  base  line. 

Case  II. —  Wficrr  the  line  is  in  a  horizontal  position  and 
at  right  angles  to  V  P. 

Explanation. — Fig.  0  illustrates  this  case.  It  will  be 
noticed  that  the  plan  view  of  the  line  does  not  differ  very 
much  from  the  plan  of  the  line  given  in  Case  I,  merely  that 
it  is  represented  by  a  vertical  line  on  the  drawing  in  the 
plan  in  place  of  a  horizontal  line,  as  in  Case  I.  The 
line  A  B  '\'^  at  riji^ht  angles  to  the  vertical  lines  of  sight  G  D 
and  H C  in  both  cases.  The  line  ./  />  in  this  figure  is  in 
such  a  position  that  the  horizontal  line  of  sight  K E  passes 
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through  both  points  B  and  A.  The  projection  of  these 
points,  therefore,  on  the  elevation  is  the  single  point  E  at 
the  foot. of  the  line  of  sight  K E,  A  single  line  of  sight  may 
pass  through  an  unlimited  number  of  points  in  any  view, 
but  the  foot  of  such  line  of  sight  is  always  represented  in 
that  view  by  one  point  on  the  drawing.  The  student  who 
is  to  read  that  drawing  must  picture  to  himself,  or  imagine, 
the  position  of  these  points  as  they  are  supposed  to  exist  in 
the  object  of  which  any  drawing  is  a  representation.  It  is 
further  to  assist  his  imagination  that  other  views  are  drawn, 
and  by  means  of  which  the  position  of  the  different  points 
may  be  definitely  located.     Thus,  in  this  case,  if  we  were 
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Fig.  6 

to  consider  the  elevation  alone,  without  paying  any  atten- 
tion to  the  plan,  we  would  say  that  the  point  E  represented 
merely  some  other  point  (imaginary,  of  course)  that  could 
be  situated  anywhere  on  the  line  of  sight  K E.  A  glance  at 
the  plan,  however,  shows  not  only  where  the  location  is, 
but  how  many  points  are  represented.  In  this  case  there 
are  two  points  represented  by  ^,  one  directly  in  line  with 
the  other.  The  plan  also  shows  how  far  apart  these  points 
are,  and  from  the  two  views  it  can  be  further  seen  that  the 
line  is  in  a  right  position  perpendicular  to  V  P.  If  it  were 
not,  the  two  points  would  not  be  in  the  same  line  of  sight, 
and  would,  consequently,  require  two  positions  on  the  ele- 
vation, whereas  they  are  designated  by  the  one  position  E^ 
Fig.  6. 
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Construction. — Since  the  drawings  for  this  case  have 
been  shown  in  the  preceding  explanation  to  be  similar  to 
those  of  Case  I,  no  definite  instructions  need  be  given.  The 
two  drawings  differ  in  position  only  and  are  drawn  as 
shown  on  the  plate,  the  plan  being  first  constructed. 

Case  III. —  Where  the  line  is  in  a  vertical  position. 

This  is  shown  in  Fig.  7,  each  feature  of  which  has  already 
been  explained   in   connection   with   Figs.  5  and   6.     The 


Fig.  7 

drawing  may,  therefore,  be  made  by  the  student  in  accord- 
ance with  the  dimensions  given  in  the  illustration. 

32.  Proof  of  a  Projection  Draivlng. — The  various 
cases  of  the  foregoing  problem  represent  lines  in  different 
positions,  and,  as  in  the  case  of  the  point  in  Problem  1,  the 
student  will  see  that  these  projections  definitely  represent 
the  position  of  each  line;  further,  that  for  each  position 
indicated,  but  one  line  can  be  placed,  or  can  occupy  that 
position.  It  is  recommended  that  the  student  prove  this 
assertion  as  follows:  Copy  the  projections  of  this  problem 
on  another  piece  of  paper  and  bend  the  paper  at  right 
angles  along  the  base  line,  as  shown  in  the  illustrations; 
take  a  piece  of  small  wire  of  the  given  length,  to  represent 
the  lines,  and  proceed  to  hold  it,  in  turn,  over  the  drawing 
for  each  case,  at   the    same  lime  **  sighting,"  or  using  the 
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lines  of  sight,  as  illustrated.  It  will  be  seen  that,  in  order 
to  make  the  foot  of  each  separate  line  of  sight  come  to  the 
proper  place  on  the  drawing,  the  wire  must  be  held  in  the 
position  indicated  in  the  statement  of  the  case. 


PROBLEM  8 

33.  To  dra^v  the  projections  of  an  Imagrinary  line 
In  a  rightly  inclined  position. 

There  are  three  cases  of  this  problem,  in  all  of  which  the 
given  line  is  rightly  inclined ;  that  is,  the  angle  of  inclina- 
tion is  such  that  the  true  length  of  the  line  may  be  shown 
in  either  a  plan,  a  front  elevation,  or  in  some  elevation  that 
shall  be  at  right  angles  to  the  front  elevation.  The  differ- 
ent cases  of  this  problem  are  presented  in  perspective  views, 
from  which  the  projection  drawings  are  to  be  made  by  the  stu- 
dent.    They  illustrate  the  principles  of  foreshortened  views. 

Case  I. —  Where  the  line  is  horizontal^  but  inclined  to  V  P 
at  an  angle  of  Jl^5^ . 

Explanation. — This  is  shown  in  Fig.  8,  which  gives  all  the 
dimensions  and  distances  necessary  to  enable  the  student  to 


Flc.  8 


draw  the  projections  on  the  plate.     The  student  will  note  the 
position  of  each  point  and  carefully  observe  the  instructions 
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for  making  the  drawings.  Bear  in  mind  that,  although 
the  drawing  is  only  that  of  a  single  line,  careful  study  must 
be  given  to  it,  for  the  principles  on  which  these  simple  pro- 
jections are  made  are  the  same  as  for  any  other  projection 
drawing.  These  principles  are  shown  in  a  more  compre- 
hensive way  in  simple  problems  than  if  an  object  of  com- 
plex form  were  presented,  requiring  a  confusing  number  of 
points  to  define  its  outline.  In  Cases  I  and  II  of  this  prob- 
lem, the  plan  is  first  to  be  drawn  and  the  elevation  projected 
therefrom. 

Construction. — Since  the  line  in  Case  I  is  in  a  horizontal 
position  and  therefore  at  right  angles  to  the  vertical  lines 
of  sight,  it  will  be  shown  in  its  full  length  on  the  plan.  The 
line  is  stated  to  be  inclined  to  V  P  at  an  angle  of  45°;  draw 
the  plan,  therefore,  at  that  angle  to  the  base  line  and  at 
such  distance  below  the  base  line  as  indicated  in  Fig.  8  and 
shown  at  ^  ^  on  the  plate.  Project  the  points  A  and  B  to 
the  elevation,  and  at  the  given  height  above  the  base  line 
draw  a  horizontal  line  between  the  projectors.  This  is  the 
elevation  of  the  line  shown  in  the  plan,  and  since  its  entire 
length  is  contained  between  the  horizontal  lines  of  sight  FE 
and  //  6',  Fig.  8,  the  line  cannot  be  shown  on  the  elevation 
as  being  any  longer  than  the  perpendicular  distance  between 
the  projectors.  This  distance  being  less  than  the  actual 
length  of  the  line,  the  elevation  is,  in  this  case,  called  a 
foreshortened  view  of  the  line.  It  represents,  however,  the 
entire  line,  and  reference  to  the  plan  is  necessary  in  order  to 
find  its  true  length. 

Case  II. —  Where  the  line  is  parallel  to  M  P  but  inelined 
to  HP  at  an  angle  of  (Uf. 

Construction. — Fig.  0  shows  that  the  plan  is  to  be  rep- 
resented by  the  horizontal  line  FN.  It  also  gives  the  length 
of  the  line  in  the  plan,  which  is  a  foreshortened  view. 
Therefore,  draw  F  If  1  inch  long  and  1  inch  below  the  base 
line.  Draw  the  projectors  and  fix  a  point  at  ./  on  the  pro- 
jector drawn  from  /%  at  the  proper  distance  ahcn'c  the  base 
line.     This  will  be  one   end  of    the   line   in   the   elevation. 
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With  the  compasses  set  to  i  inches  (the  length  of  W  B)  and 
using  the  pointy,  fixed  on  the  projector  drawn  from  /%  as  a 
center,  describe  an  arc  intersecting  the  other  projector. 
The  point  that  represents  the  other  end  of  the  line  is 
located  at  this  intersection,  and  the  line  may  then  be  drawn. 
Now  bring  the  T  square  into  position  and  prove  by  the 


triangle  that  the  Hne  /  A"  is  at  an  angle  of  GO"  with  the  base 
line.  It  will  be  seen  that  it  would  have  been  possible,  after 
fixing  the  position  of  a  point  at  either  end,  to  have  drawn 
the  line  at  once  with  the  (jO°  triangle.  Attention  is  called 
to  both  methods  in  order  to  show  the  student  the  connection 
between  them. 

Case  III. —  Where  the  line  is  rightly  inclined  foM  P  at  an 
angle  of  dO"  and  is  a/so  inclined  to  H  P. 

Explanation. — In  Cases  I  and  II,  the  line  has  been  in 
such  positions  as  to  enable  its  full  length  to  have  been 
shown  in  one  of  the  views  drawn  on  the  plate.  In  this  case, 
a  position  is  illustrated  in  which  the  line  is  shown  foreshort- 
ened in  both  of  these  views.  It  will  therefore  require 
another  view  to  be  projected  in  order  that  the  line  may  be 
shown  in  its  true  length.  Since  it  is  known  that  the  line  is 
rightly  inclined,  the  additional  view  required  will  be  at  right 
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angles  to  the  base  line.  As  another  view  is  to  be  drawn,  so 
another  base  line  will  be  required.  This  base  line,  being 
merely  the  lower  boundary  of  a  surface  supposed  to  be  in  an 
upright  position  to  receive  the  lines  of  sight  and  at  right 
angles  to  the  surface  of  the  elevation  previously  drawn,  will, 
consequently,  be  at  right  angles  with  the  base  line  in  a 
drawing  that  shows  only  two  views — such  drawings  as  have 
thus  far  been  made. 

Fig.  10  contains  the  given  dimensions,  etc.  for  this  position 
of  the  line.     This  perspective  figure  shows  the  interception 


of  the  lines  of  sight  from  still  another  direction  than  has 

been  shown  in  the  preceding  illustrations.  In  the  same 
manner  a  view  may  be  obtained  from  any  side  of  an  object 
or  at  any  angle  other  than  a  right  angle.  The  method  of 
accomplishing  these  results  by  the  use  of  the  T  square  and 
triangle  on  the  flat  surface  of  the  drawing  board  will  now 
be  shown,  and  the  illustration  of  the  bent-up  surfaces  will 
not  be  continued  beyond  this  problem.  Such  illustrations 
are,  however,  always  implied  in  a  projection  drawing,  for 
that  part  of  the  work  is  the  imaginative  feature  previously 
mentioned,  to  which  the  attention  of  the  student  will  be 
directed  throughout  this  instruction. 

Since  the  angle  of  inclination  to  the  elevation  is  the  same 
in  this  case  as  in  the  plan  of  Case  II,  the  length  shown  on 
the  elevation  of  this  projection  will  be  the  same  as  in  the 
plan  of  that  case.     In  this  drawing,  the  line  is,  however,  in  a 
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different  position  as  related  to  the  plan,  and  from  Fig.  10  it 
will  be  seen  that  it  must  be  represented  by  a  vertical  line  in 
that  view  on  the  drawing. 

Construction. — Extend  the  oase  line  on  the  plate  to  the 
center  of  the  next  space,  from  which  point  draw  a  vertical 
line  downwards  to  the  division  line;  these  lines  are  to  be 
inked  in  the  same  as  the  base  line  in  the  first  space.  In  the 
smaller  space  thus  enclosed  on  the  drawing  is  to  be  drawn 
the  plan  for  this  problem,  the  front  elevation  occupying  the 
same  relative  position  as  before,  directly  above  the  plan, 
while  in  the  space  at  the  right  the  side  elevation  will  be 
projected.  First,  draw  the  elevation  as  at  ^ '  F'  on  the  plate, 
fixing  the  point  E'  at  the  specified  distance  above  the  base 
line.  As  the  foreshortened  length  in  the  plan  is  given  in 
Fig.  10  as  IJ  inches,  draw  the  line  C 1)  oi  that  length,  as 
shown  on  the  plate,  keeping  the  point  C  at  its  proper  dis- 
tance below  the  base  line,  as  indicated  in  Fig.  10.  The  view 
to  represent  this  line  in  its  true  length  may  next  be  drawn. 
It  is  known  that  this  view  must  be  one  in  which  the  line 
itself  is  represented  at  right  angles  to  the  lines  of  sight. 
There  is  a  choice  of  two  views  for  this  projection — either  to 
the  right  or  to  the  left  side.  Having  already  utilized  the 
space  to  the  left  on  the  plate,  the  side  elevation  is,  in  this 
case,  projected  to  the  right.  The  method  employed  in 
Case  II  might  here  be  used  to  project  the  side  elevation,  but 
since  it  is  customary,  when  a  number  of  elevations  are  pro- 
jected from  the  same  plan,  to  facilitate  the  operation  by 
drawing  between  sue  h  views  lines  that  are  termed  second- 
ary projectors^  an  explanation  of  their  use  is  here  presented. 

34.  Secondary  I'sc^  of  the  Projector.  —  The  term 
secondary  is  not  applied  in  the  case  of  projectors  as  indica- 
ting an  unimportant  or  infrequent  application  of  these  lines. 
The  name  is  used  rather  to  distinguish  operations  in  which 
similar  principles  as  applied  to  the  imaginative  features  are 
differently  represented  on  the  drawing  in  the  application  of 
the  practical  features  of  the  work.  In  fact,  both  uses  of 
these  lines  are  required  in  most  drawings.      It  is  therefore 


§*15  PRACTICAL    PROJECTION  31 

essential  that  the  student  should  become  familiar  with  the 
various  means  employed  in  producing  them  on  the  drawing. 

35.  It  is  evident,  from  an  inspection  of  Fig.  10,  that  the 
eye  of  the.  observer  at  E  in  moving  around  along  the  broken 
line  in  the  direction  of  the  arrows  to  take  position  at  K 
would  trace  a  line  from  /%  through  (7,  to  L.  The  part  of 
this  line  {^F  O)  that  shows  on  the  front  elevation  is  parallel 
to  the  base  line  of  that  surface;  and,  also,  that  part  of  the 
line  (P  L)  shown  on  the  side  elevation  is  parallel  to  the  base 
line  of  the  side  elevation.  It  is  seen  that  the  definition  of 
the  projector,  as  previously  given,  applies  equally  to  the 
lines  F  O  and  O  L,  If  the  two  planes  of  projection  repre- 
sented by  the  two  upright  surfaces  could  be  bent  in  the 
same  relation  to  each  other  as  were  the  plan  and  the  elevation 
in  Fig.  4 — i.  e.,  on  the  line  P  Q^  Fig.  10 — the  use  of  the  pro- 
jectors in  these  views  would  be  no  different  from  that  already 
described.  It  is  customary,  however,  in  first-angle  pro- 
jection, to  assume  that  such  upright  surfaces  are  always  bent 
downwards  and  away  from  the  plan;  to  accomplish  this 
result,  the  secondary  use  of  the  projector  is  employed.  Sup- 
pose, now,  that  the  upright  surfaces,  represented  in  Fig.  10, 
were  bent  backwards  until  laid  flat  on  the  drawing  board. 
Evidently,  there  would  be  an  appearance  presented  similar 
to  that  shown  in  Fig.  11,  and  an  open  space  would  be  shown 


Fig.  11 


on  the  drawing  board  included  between  the  angle /^ (?/*'. 
The  paper  on  which  the  drawing  is  made  is  not  of  an  irregular 
shape,  thus  to  be  bent  up  at  will ;  further,   the  operations 
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perf6rmed  in  projection  drawing  are  such  that  they  can  be 
accomplished  only  on  the  flat  surface  of  the  drawing  board. 

36*  It  is  found  that  similar  results  may  be  obtained  in 
two  ways,  both  being  easily  affected  by  the  aid  of  the  draw- 
ing instruments.  The  first  is  known  as  the  angular  method, 
and  is  thus  accomplished :  If  the  projectors  F  O  and  O'  Z, 
Fig.  11,  or  any  other  corresponding  set  of  projectors,  parallel 

to  their  respective  base  lines,  are  extended  until  they  inter- 
sect each  other,  it  is  found  that  all  the  intersections  are  on  a 
diagonal  line  terminating  exactly  at  the  intersection  of  the 
base  lines.  It  is  also  found  that  this  diagonal  line  exactly 
bisects  the  outer  angle  formed  by  the  base  lines.  Applying 
these  principles,  therefore,  to  the  drawing,  bisect  the  outer 
angle  formed  by  the  base  lines  on  the  plate  and  produce  the 
bisector  indefinitely  towards  the  right-hand  side  of  the  space. 
The  outer  angle  formed  by  the  base  lines  in  this  case  being 
an  angle  of  270°,  the  bisector  ma/  be  drawn  with  the  46** 
triangle,  since  a  line  thus  drawn  will  be  at  an  angle  of  136** 
with  both  base  lines. 

37.  Fig.  12  is  a  reproduction  of  the  projection  drawing 
from  the  plate,  showing  the  bisector  drawn  as   previously 

*^  ^»KcpmAMi_noji^toM     /  directed.     Draw    F'  x  and    E'  y 

parallel  to  the  base  line  in  the 
front  elevation;  from  their  inter- 
sections with  the  bisector  at  x 
and  J,  draw  x  L  and  y  R  parallel 
to  the  base  line  in  the  side  eleva- 
tion. Project  the  points  C  and  D 
from  the  plan  to  the  side  elevation 
by  the  use  of  primary  projectors, 
as  previously  described.  The 
side  elevation  of  the  line  A  B  of 
Fig.  10,  then,  is  a  line  drawn  be- 
tween points  of  intersection  of 
the  primary  with  the  secondary 
projectors,  as  shown  by  R  L,  Fig.  12.  The  lines  F'  jr,  x  /., 
and  F'  y,  y  R  are  called  secondary  projectors,  and  are  used, 
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as  in  this  case,  when  projecting  points  between  views  that 
are  related  to  one  another  in  the  manner  shown.  Project- 
ors are  used  in  a  similar  way  when,  for  reasons  that  will  be 
shown  later,  the  base  lines  are  at  an  angle  other  than  a 
right  angle.  In  all  cases,  the  outer  angle  is  bisected  as 
shown  in  Fig.  12,  and  the  secondary  projectors  are  drawn 
parallel  to  their  respective  base  lines. 

Note  that  the  front  elevation^  shown  in  Fig,  12^  is  a  fore- 
shortened view y  and  corresponds  in  length  with  the  perpen- 
dicular distance  between  the  secondary  projectors  in  the 
side  elevation. 

38.  Reading:  a  Dra^vlng. — The  ability  to  read  a  draw- 
ing consists  of  the  intelligent  comparison  of  the  different 
views  and  is  well  illustrated  in  the  projections  just  drawn. 
The  different  views — or  the  different  projections^  as  they 
are  called — must  never  be  considered  as  drawings  apart 
from  one  another.  Each  projection  is  shown  to  be  neces- 
sary in  order  to  enable  the  position  of  some  point  or  element 
of  the  object  to  be  established  in  the  reader's  imagination. 


PROBLEM  4 

39.  To  draw  the  projections  of  an  imagrinary  line 
In  an  obliquely  Inclined  position. 

The  projections  of  this  problem  are  to  be  drawn  by  the 
student  in  the  next  space  on  the  plate,  following  the  instruc- 
tions here  given. 

Construction. — Draw  the  base  lines  as  in  the  last  space 
used  for  Problem  3,  but  place  the  lines  j  inch  higher  on  the 
plate  and  extend  them  ^  inch  farther  to  the  right  in  the 
space.  These  base  lines  will  be  used  in  the  construction  of 
the  projections  as  before,  but  will  not  be  inked  in  on  this 
drawing ;  they  are  construction  lines  only — to  be  erased  from 
the  plate  after  the  drawing  is  completed.  It  has  been 
shown  that  base  lines  are  necessary  for  determining  the 
position   of   the    different    points    on   a  drawing   and    are 
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essential  in  establishing  the  first  few  points  in  any  projec- 
tion; but  as  the  drawing  progresses  and  other  lines  are 
produced,  any  right  line  in  a  view — i.  e.,  a  line  at  right 
angles  to  the  lines  of  sight — may  be  used  as  a  base  from 
which  to  establish  the  position  of  points  in  a  drawing. 


Fig.  13 


Represent  a  foreshortened  view  of  this  line  in  the  plan  by 
a  line  1^  inches  long,  drawn  at  an  angle  of  45°  with  the  base 
line  of  the  front  elevation,  as  shown  at  A  B,  Fig.  13;  draw 
the  front  elevation  (also  a  foreshortened  view)  at  an  angle 
of  30°  with  the  base  line.     Draw  the  line  A   B  in   the  plan 
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and  G  £  in  the  front  elevation  in  such  positions  that  the 
end  of  either  line  nearest  to  the  base  line  shall  be  J  inch 
from  that  line.  Next  draw  the  side  elevation  as  explained 
in  Problem  3,  Case  III,  and  it  will  be  seen,  when  the  side 
elevation  is  completed,  that  H  J  is  also  a  foreshortened  . 
view,  not  representing  the  true  length  of  the  line. 

An  elevation  will  now  be  projected  in  which  the  line  may  be 
shown  in  its  true  length.  This  will  be  an  elevation  whose 
surface  is  parallel  to  the  line.  Draw  the  base  line  of  this 
surface  \  inch  from  the  line  A  B  on  the  plan  and  parallel  to  ' 
that  line,  as  at  C  D,  Fig.  13.  This  figure  is  an  illustration 
of  the  projection  drawing,  showing  all  the  lines  used  in 
its  construction,  certain  of  which,  as  already  explained, 
are  not  to  appear  in  the  completed  drawing  on  the  plate. 
Note  that  the  oblique  elevation  K  L  is  projected  in  the 
same  manner  as  the  side  elevation  was  drawn,  the  only 
difference  being  that  the  outer  angle  O  D  C,  formed  by  the 
base  lines,  is  greater  than  a  right  angle,  but  is  treated  in 
the  same  way.  This  completes  the  problem,  and  in  finish- 
ing the  figure  on  the  plate,  the  student  will  ink  in  only  the 
different  views  and  the  primary  projectors,  erasing  all  other 
construction  lines. 

40.     Finding    True    Ijengths    l>y   Triangles.  —  It    is 

possible  to  find  the  true  lengths  of  lines  from  a  plan  and  any 
elevation    showing   such    lines   obliquely 
inclined   by  a   shorter  method  than  that 
given  in  Problem  4.     This  is  accomplished 
by  the  use  of  the  right-angled  triangle.  ^' 
If  such  a  triangle  is  constructed,  with  its  ^*^'"  ^^ 

base  equal  to  the  length  of  the  line  shown  in  the  plan  and 
its  altitude  equal  to  the  vertical  height  shown  in  the  eleva- 
tion, the  hypotenuse  iciii  he  equal  to  the  true  length  of  the 
line.  This  is  shown  in  Fig.  14,  in  which  A  B  is  made  the 
same  length  as  A  />,  Fig.  13,  and  />  C,  Fig.  14,  is  equal  to 
the  vertical  height  shown  in  the  elevation,  i.  e.,  7:  F,  Fig.  13. 
Since  A  /}  C  \s  vl  right  angle,  the  hyf)otenuse  A  C  Fig.  14, 
is  equal  to  the  true  length  of  the  line.     This  statement  is  of 
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the  greatest  importance  to  the  draftsman  and  should  be 
proved  by  the  student.  Construct  a  triangle  on  a  separate 
piece  of  paper  and  set  off  the  lengths  from  the  drawing  with 
the  dividers;  afterwards  compare  the  length  of  the  hypot- 
enuse with  the  length  of  the  line  shown  in  the  oblique  eleva- 
tion, or  full  view.  This  is  an  illustration  of  a  principle  of 
much  use  in  later  problems,  and  one  on  which  certain  impor- 
tant principles  of  patterncutting  depend. 

41.  All  Projections  Depend  on  Similar  Prin- 
ciples.— There  is  no  conceivable  position  of  a  line  that  may 
not  be  shown  or  its  true  length  not  be  ascertained  by  the 
application  of  the  principles  contained  in  the  foregoing 
simple  problems.  Lines  have  been  qsed  to  illustrate  these 
problems  drawn  at  such  angles  as  were  conveniently  made 
with  the  T  square  and  the  45°  or  60°  triangles,  but  any  angle 
or  any  position  could  as  well  have  been  represented,  since  the 
principles  are  in  any  and  all  cases  the  same.  We  will  now 
proceed  with  the  representation  of  flat,  or  plane,  surfaces. 

43.  Planes,  or  Plane  Surfaces. — All  drawings  made 
to  represent  surfaces  are  composed  of  lines  that  bound,  or 
limit,  their  borders,  or  sides.  These  drawings,  therefore, 
will  differ  from  those  of  the  foregoing  problems  only  in  the 
fact  that  they  are  the  representation  of  lines  shown  in  their 
relation  to  one  another.  There  are,  however,  certain  prin- 
ciples relating  to  flat,  or  plane,  surfaces  that  must  be  borne 
in  mind,  since  they  influence  this  relation  of  the  different 
lines  in  a  drawing. 

43.  That  the  student  may  have  a  thorough  knowledge 
of  the  principles  employed  in  the  representation  of  surfaces, 
it  is  essential  that  he  first  have  a  clear  conception  of  what  a 
plane  is.  A  plane  surface,  as  has  been  stated,  has  only  an 
imaginary  existence,  being  bounded,  or  enclosed,  by  imagi- 
nary lines;  this  surface  may  be  in  any  conceivable  position, 
but  is  alwavs  a  flat  surface.  If  viewed  from  a  certain  direc- 
tion — viz.,  as  if  **on  edge" — it  would  be  represented  by  a 
single  straight  line.  If  the  student  can  imagine  a  plane 
surface  indefinitely  extended  in  every  direction  beyond  th£ 
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boundary  lines  of  the  figure,  he  will  have  a  very  good  con- 
ception of  a  plane;  any  number  of  points  or  lines,  the  posi- 
tions of  which  are  anywhere  on  this  surface  thus  extended, 
are  said  to  be  **  in  the  same  plane  "  in  relation  to  one  another. 

44.  To  illustrate:  Suppose  two  flat-top  tables  of  the 
same  height  are  on  the  floor  of  a  room  perfectly  level  and  of 
indefinite  extent.  Here  is  a  practical  representation  of  two 
planes,  both  of  them  in  a  horizontal  position ;  one  plane  is 
represented  by  the  floor,  while  the  other  plane  is  parallel  to 
the  first  and  **  passes  through  "  the  tops  of  the  tables.  The 
surfaces  represented  by  the  tops  of  the  tables  are  said  to  be 
**in  the  same  plane."  The  tables  may  be  placed  some 
distance  apart,  yet  the  straight  edge  of  a  ruler  laid  across 
their  tops  would  exactly  coincide  with  the  upper  surfaces  of 
both  tables  and  would  remain  in  contact  at  all  points  for 
every  position  of  the  ruler. 

The  plane  surface  represented  by  the  top  of  one  table  is 
said  to  be  *'  in  the  same  plane  "  as  the  corresponding  surface 
of  the  other  table.  The  same  could  be  said  with  reference 
to  any  other  surfaces  answering  the  same  test.  Any  number 
of  flat  surfaces  are  said  to  be  in,  or  to  **lie  in,"  the  same 
plane  with  one  another,  and  the  same  is  true  of  any  lines  or 
points  used  to  define  any  surface  or  position  in  that  plane. 

The  planes  in  the  foregoing  illustration  of  the  floor  and 
tables  are  horizontal  planes,  but  may  be  imagined  in  any 
position,  vertical  or  inclined,  needed  for  the  projections  of 
a  drawing. 

45.  How  the   Position  of  a   Plane   Is  Determined. 

Since  any  two  points  determine  the  position  of  a  line,  so  any 
three  points  not  in  the  same  straight  line  determine  the 
position  of  a  plane.  To  illustrate:  Take  a  square  piece  of 
cardboard,  thick  enough  to  remain  flat,  and  push  pins  of 
equal  length  through  each  of  the  four  corners  so  that  they 
will  resemble  the  legs  of  a  chair.  The  object  will  stand 
firmly  when  placed  on  a  level  surface  with  the  points  of  the 
pins  down,  for  the  reason  that  all  the  points  represented 
by  the  ends  of  the  pins  are  in  the  same  plane.     If  one  of  the 
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pins  is  withdrawn  and  a  shorter  one  inserted  in  its  place, 
the  cardboard  will  not  be  stable  when  placed  as  before,  and 
can  be  **  rocked,"  for  the  point  at  the  extremity  of  the  short 
pin  is  not  in  the  same  plane  with  the  other  three.  Two 
planes  are  thus  defined — one  determined  by  points  at  the 
extremities  of  the  three  long  pins  and  the  other  by  points  at 
the  ends  of  the  short  and  the  two  adjacent  pins.  Both  of 
these  planes  may  be  imagined  as  extended  indefinitely,  one 
plane  being  inclined  to  and  intersecting  the  other. 

Again,  a  flat  sheet  of  metal  may  be  supposed  to  represent 
a  plane  surface.  All  points  that  may  be  located  on  this 
sheet  are  in  the  same  plane;  but  if  a  sheet  that  is  **  buckled  " 
is  chosen,  it  is  possible  to  locate  some  points  on  the  surface 
of  that  sheet  higher  or  lower  than  others,  and  the  points 
would  then  be  in  different  planes.  The  connection  between 
the  plane  and  the  plane  surface,  then,  is  such  that,  to  be 
defined  as  a  plane  surface,  every  point  on  that  surface  must 
be  in  the  same  plane. 

46.  In  drawing  different  views  for  the  illustration  of 
the  plane  surface,  we  shall  first  use  the  octagon,  requiring  the 
projection  of  eight  points  and  the  intermediate  lines.  The 
use  of  the  word  **  imaginary  "  in  connection  with  the  state- 
ment of  the  problem  will  henceforth  be  discontinued,  since 
it  has  been  clearly  shown  that  all  surfaces,  as  well  as  other 
geometrical  elements,  depend  for  their  existence  on  the 
imaginative  feature  referred  to  in  previous  articles.  It 
will  be  understood,  therefore,  when  any  geometrical  element 
is  mentioned,  that  the  practical  feature  is  to  be  employed — 
the  imaginative,  of  course,  being  implied. 


PROBLEM   5 

47.  To  project  three  vieAvs  of  an  oetaKoiial  sur- 
face, representing:  it  In  a  horizontal  position. 

The  three  views  consist  of  a  plan,  front,  and  side  eleva- 
tion. A  perspective  view  of  the  surface  in  the  required 
position  is  shown  in  Fig.  15. 
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Explanation. — All  lines  used  to  define  this  surface  in  the 
plan  are  at  right  angles  to  the  vertical  lines  of  sight;  and 
since  the  lines  will  thus  be  drawn  in  their  full  length  in  that 
view,  the  surface  will  there  be  shown  in  its  full  dimensions. 


This  principle  also  applies  to  any  view  of  a  plane  surface  in 
which  all  its  lines  are  at  right  angles  to  the  lines  of  sight. 
The  plan  of  the  surface,  then,  will  be  a  true  octagon,  and 
may  be  drawn  on  the  plate  with  lines  tangent  to  a  circle 
li  inches  in  diameter,  using  the  T  square  and  45°  triangle 
for  that  purpose. 

CoNSTRUCTioN.^Draw  the  base  line  for  the  front  elevation 
3  inches  above  the  lower  border  of  the  drawing,  and  draw 
the  vertical  base  line  (for  the 
side  elevation)  2|  inches  from 
the  left-hand  border.  De- 
scribe the  circle  previously 
mentioned  in  such  a  position 
that  the  nearest  edges  of  the 
octagon  will  be  i  inch  from 
each  base  line;  the  figure  may 
then  be  completed  in  the  plan. 
In  this  and  the  remaining 
problems  to  be  drawn  on  this 
plate,  the  right  views  are  t<)  be 
drawn  i  inch  from  the  bast- 
line  in  all  cases.  In  both  el<.-va-  ' 
tions,   the   lines   of  sight  in  crossing  the  ; 


pass  also 
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through  the  points  in  that  portion  of  the  surface  farthest 
from  the  observer;  and  as  the  eye  of  the  observer  travels 
from  points  opposite  to  M  and  iV,  Fig.  16,  in  tracing  the 
front  elevation,  the'  foot  of  every  line  of  sight  would  be 
projected  on  a  single  line  on  V  P.  The  elevation  of  the 
surface,  therefore,  is  represented  on  the  drawing  by  the 
single  straight  line  M  N^  Fig.  16.  Project  the  front  and 
the  side  elevations  in  their  proper  places,  completing  the 
problem. 

Note. — The  single  line  that  constitutes  each  elevation  of  this  prob- 
lem represents  the  ei^ht  lines  of  the  octagonal  surface  shown  on  the 
plan.  This  is  shown  in  Fig.  16,  which  is  a  copy  of  the  plan  and  front 
elevation  on  the  plate,  lettered  for  convenience  of  reference.  Two  of 
the  lines  in  the  plan,  A  B  SLnd  F  E^  Fig.  16,  are  shown  in  their  full 
length  by  that  portion  of  the  line  M  N  included  between  the  points  P 
and  Q  ;  since  F  K  is  directly  in  line  with  A  B  in  the  elevation,  as 
already  explained,  it  is  shown  by  the  same  line  P  Q  used  to  define  A  B, 
The  line  NA  is  shown  foreshortened  at  AfP;  and  as  G  F  is  directly 
behind  NA,  AfP  represents  C7/'also;  QN  bears  the  same  relation 
to  B C Sind  ED.  The  line  G His  represeTited  in  the  elevation  by  the 
point  Af;  N,  in  like  manner,  represents  DC.  Thus,  the  line  Af  N 
represents  a  certain  view  of  the  eight  lines  A  B^B  C\  etc.  to  HA,  and 
also  a  view  of  the  surface  defined  by  those  lines. 

The  above  is  very  important  and  should  be  carefully  read,  as  it 
shows  the  application  of  principles  to  Problem  5. 


PROBLEM     6 

48.  To  project  the  views  of  an  octagronal  surface 
tliat  is  in  a  rightly  inclined  position. 

Note. — No  perspective  figure  is  shown  for  this  problem,  and  the 
projections  will  be  made  on  the  plate  from  the  following  directions. 
The  same  figure  is  used  for  this  problem  as  for  Problem  5.  These 
drawings  are  really  a  continuation  of  that  problem ;  and  since  a  full 
view  of  the  surface  is  shown  in  the  plan  of  Problem  5,  projectors  will 
be  drawn  from  that  view,  in  order  to  define  the  plan  of  this  problem. 

Construction. — Draw  the  horizontal  base  line  in  the  next 
space  on  the  drawing  and  at  the  same  distance  from  the 
lower  edge  as  the  corresponding  base  line  was  drawn  in  the 
space  for  Problem  5 ;  draw  the  vertical  base  line  If  inches 
from  the  left  side  of  the  space. 

The  front  elevation  of  this  problem  will  first  be  drawn. 
Draw  a  line  inclined  to  the  horizontal  base  line  at  an  angle 
of  60°  and  equal  in  length  to  the  line  shown  in  the  front 
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elevation  of  Problem  5;  the  lower  end  of  this  line  should 
be  i  inch  above  the  base  line,  as  previously  explained.  It 
should  be  drawn  in  such  a  position  on  the  plate  that  vertical 
projectors  from  the  ends  of  the  line  will  pass  through  the 
central  portion  of  the  horizontal  base  line.  Mark  the  posi- 
tion of  the  points  indicated  by  the  projectors,  as  at  M^  P^  Q^ 
and  iV,  Fig.  16,  and  from  these  points  draw  four  vertical 
projectors  to  the  plan.  Intersect  these  with  horizontal  pro- 
jectors drawn  from  the  plan  in  Problem  5;  draw  the  con- 
necting lines  between  corresponding  points  thus  projected; 
this  produces  a  figure  that  is  the  plan  of  the  octagonal  sur- 
face in  the  rightly  inclined  position  indicated  by  the  front 
elevation. 

Project  the  side  elevation  by  the  use  of  secondary  pro- 
jectors, as  previously  explained.  Reference  to  the  copy  of 
this  plate  will  be  of  assistance  to  the  student  during  the  pro- 
jection of  these  views.  The  completed  drawings  are  there 
shown  and  the  method  of  projecting  between  different 
views  is  indicated  by  projectors  partially  extended  towards 
the  left  of  the  plan  of  this  problem. 

49.  Basis  of  Projection. — The  plan  and  side  eleva- 
tion of  this  surface  are  foreshortened  views.  There  are, 
however,  two  lines  in  each  view  shown  in  their  true  length ; 
this  may  be  proved  by  a  comparison  of  the  figures  with  the 
plan  of  Problem  5;  the  other  lines  in  each  case  are  fore- 
shortened. 

It  does  not  necessarily  follow,  however,  that  any  of  the 
lines  in  a  rightly  inclined  view  are  shown  in  their  true  length. 
Had  the  angle  of  inclination  been  along  the  line  A  /f.  Fig.  IG, 
every  line  would  have  been  foreshortened;  again,  in  the 
case  of  surfaces  having  curved  or  irregular  outlines,  the  least 
angle  of  inclination  in  any  direction  would  preclude  the 
possibility  of  representing,  in  a  foreshortened  view,  any 
portion  of  the  outline  in  its  true  length. 

It  will  thus  be  seen  that  the  point  is  the  only  geometrical 
element  not  subject  to  change,  or  variation,  in  any  view. 
It  may  therefore  be  relied  on  as  a  basis  of  projection.     The 
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outline  of  any  surface  in  the  different  views  is  determined 
by  first  fixing  the  location  of  points  at  the  extremities  of 
the  boundary  lines  of  such  surface^  afterwards  drawing  the 
connecting  lines,  as  in  this  problem. 


PROBLEM    7 

50.  To  project  a  full  view  of  a  surface  f^m  a 
given  plan  and  elevation  showing  that  surface  in  a 
rightly  inclined  position. 

A  full  view  of  any  surface  may  be  projected  by  assuming 
a  view  to  be  taken  at  right  angles  to  a  line  in  which  the 
entire  surface  is  represented,  for  in  such  a  view  the  lines  of 
sight  are  at  right  angles  to  the  outlines  of  the  surface. 

Construction. — In  the  next  adjoining  space  to  the  right 
on  the  plate,  copy  the  plan  and  the  front  elevation  of  Prob- 
lem 6,  placing  the  projections  so  that  they  will  occupy  the 
same  relative  position  in  the  space.  To  obtain  a  full  view 
of  the  surface  in  this  problem,  a  view  must  now  be  assumed 
at  right  angles  to  the  line  in  the  elevation ;  in  other  words, 
the  elevation  must  be  considered  as  a  plan  and  a  new 
front  elevation  projected  therefrom.  The  plan  copied  from 
Problem  G  is  used  as  a  base  plan,  secondary  projectors  being 
drawn  from  thence  in  the  manner  shown  on  the  plate  and 
described  in  the  following  article.  The  projectors  in  this 
case  are  drawn  by  the  arc  method,  sometimes  more  con- 
veniently employed  than  the  angular  method  previously 
described. 

51,  Arc  Metlio<l  of  Di-awlng  Secondary  Project- 
ors.— Draw  a  base  line,  for  the  projection  of  the  full 
view,  from  the  intersection  of  the  base  lines  previously 
drawn  and  parallel  to  the  line  that  represents  the  surface  of 
the  octagon,  as  A  B  (see  plate).  At  the  point  of  intersec- 
tion of  the  base  lines  (/>)  erect  a  perpendicular  to  the 
ol)li(jue  base  line  A  />,  as  B  C^'  producing  it  indefinitely 
towards  the  right.     The  positions  of  all  points  in  the  plan 


§15  PRACTICAL    PROJECTION  43 

are  now  to  be  located  on  this  line  in  the  same  relative  posi- 
tion as  they  would  occupy  if  projected  horizontally  to  the 
vertical  base  line  in  the  drawing.  The  points  are  accord- 
ingly projected  horizontally  to  the  vertical  base  line  B  D\ 
thence,  by  using  the  compasses  and  describing  arcs  from  a 
center  B^  located  at  the  intersection  of  the  base  lines,  they 
are  projected  to  the  line  B  C,  The  projectors  are  then  con- 
tinued beyond  B  C\  but  parallel  to  A  B;  they  are  there 
intersected  by  primary  projectors  drawn  from  corresponding 
points  in  the  elevation,  as  shown.  Locate  the  various  posi- 
tions of  the  corresponding  points  at  the  intersections  of  these 
projectors  and  produce  the  full  view  of  the  octagon  by 
drawing  the  connecting  lines. 

It  will  thus  be  seen  that  the  drawing  of  secondary  pro- 
jectors by  this  method  involves  ^rsf,  projection  to  the 
nearest  base  line;  siro?i(i^  the  describing  of  arcs  from  the 
center  shown;  and  t/tird^  the  continuation  of  the  projectors 
parallel  to  the  base  line  of  the  desired  view.  If  the  draw- 
ing has  been  carefully  made,  it  will  be  found  that  the  sur- 
face thus  defined  is  an  exact  counterpart  of  the  plan  in 
Problem  5,  and  that  the  full  view  projected  in  this  problem 
is  in  the  same  rehition  to  the  elevation  as  the  plan  in  Prob- 
lem 5  is  to  the  elevaticm  of  that  problem. 

53.  VIe\vs  XecoRsary  for  tlie  Projection  of  the 
Full  Vle>v. — When  it  is  desired  to  project  a  full  view  of 
any  surface  that  is  represented  in  a  drawing  in  an  inclined 
position,  it  is  necessary  to  have  one  view  that  will  show  all 
the  points  of  that  surface  as  contained  in  one  line.  A  pro- 
jection must  also  be  drawn  at  right  angles  to  that  view,  in 
order  that  such  dimensions  of  the  surface  as  are  at  right 
angles  to  those  in  the  first  view  may  be  shown  in  their  true 
length. 

53.  Full  views  Sometimes  Obtained  Without  Pro- 
jection Methods. — A  comparison  of  the  views  in  the 
projections  of  the  last  problem  will  prove  that  the  vertical 
primary  projectors  included  within  the  surface  of  the  octa- 
gon shown  in  the  plan  are  of  the  same  length  as  the  secondary 
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projectors  in  the  view  last  projected.  This  knowledge 
may  be  used  to  some  advantage  in  producing  a  full  view 
without  using  all  the  projectors  employed  in  this  problem. 

Thus,  draw  a  horizontal  center  line  through  the  plan,  as 
E  F  (see  drawing  on  the  plate  for  Problem  7)  and  draw 
primary  projectors  from  the  elevation  to  the  full  view  in 
the  regular  way;  at  a  convenient  distance  draw  a  line  at 
right  angles  to,  and  crossing,  these  projectors,  as  G  //. 
This  line  will  be  the  center  line  for  the  full  view,  the  points 
of  which  may  then  be  located  with  the  dividers  in  the  fol- 
lowing manner:  Set  the  dividers  to  the  length  ^^  in  the 
plan  and  set  off  a  corresponding  distance  at  a!  e*  in  the  full 
view;  in  like  manner  make  b'  f  equal  to  b  f^  etc.,  as  shown 
on  the  plate.  Complete  the  outline  of  the  full  view,  then, 
by  drawing  connecting  lines  as  heretofore. 

This  method  is  generally  followed  in  pattern  drafting, 
since  it  requires  less  time  than  to  draw  full  projections  as  in 
the  construction  of  the  problem,  and  there  is  less  liability 
of  error. 

64.  If  the  student  that  does  not  clearly  understand  the 
principles  by  which  these  projections  are  made  will  cut  a 
piece  of  cardboard  to  the  same  size  and  shape  as  the  plan 
of  Problem  5  and  hold  it  in  such  positions  that  the  foot 
of  the  lines  of  sight  falls  on  the  points  designated  on  the 
drawings  for  the  different  views,  he  will  at  once  see  the 
correct  position  of  the  surface  as  represented  in  each  view. 

55.  Surfaces  Boimded  by  Curved  Lilnes. — Surfaces 
that  are  defined  by  curved  lines  do  not  present  any  points 
from  which  to  make  projections.  In  making  such  pro- 
jections, the  same  principles  are  employed,  however;  but  it 
is  first  necessary  to  establish  a  number  of  points  at  various 
positions  on  the  curved  lines.  The  points  thus  established 
are  then  projected  in  the  same  way  as  in  the  foregoing 
problems.  When,  for  purposes  of  projection,  points  are 
located  on  the  outline  of  a  curved  surface  in  any  view,  it 
should  be  observed  that  they  are  so  placed  that,  when  the 
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points  thus  located  are  projected  to  a  line  that  represents 
an  edge  view  of  that  surface,  each  end  of  that  line  is  defined 
by  the  projection  of  a  point. 


PIIOBI^EM  8 

56.  To  project  views  of  a  plane  surface  defined  by 
a  curved  line,  the  surface  beln^  In  a  rightly  Inclined 
position ;  also,  to  project  a  point  located  on  that 
surface. 

Note. — Before  making  the  projections  of  this  problem,  the  lines  to 
remain  on  the  drawing  for  Proolem  5  should  be  inked  in,  and,  to  avoid 
confusion,  all  other  lines  not  to  be  inked  in  on  that  figure  should  be 
erased;  the  circle  drawn  for  Problem  5  may  then  be  redrawn  for 
this  problem. 

Construction. — The  surface  for  the  projections  of  this 
problem  is  that  oi  the  circle  to  which  the  sides  of  the  octa- 
gon in  Problem  5  are  tangent.  After  describing  the  circle, 
the  next  step  is  to  locate  points  on  its  circumference.  Do 
this  by  first  drawing  a  vertical  and  a  horizontal  diameter, 
and  then  drawing,  with  the  45°  triangle,  two  other  diam- 
eters at  right  angles  to  each  other,  thus  locating  eight  points 
at  equal  distances  on  the  circumference.  Those  points 
indicated  by  the  horizontal  diameter  will,  when  projected 
to  the  elevation,  define  the  ends  of  the  line  in  that  view. 

Also,  locate  a  point  at  the  center  of  the  circle.  The  plan 
and  elevation  of  the  surface  thus  projected  is  shown  in 
Fig.  17,  the  points  being  denoted  by  numerals.  Project 
these  points  to  the  elevation  of  Problem  5,  using  lines 
easily  erased,  since  they  are  not  to  appear  in  that  problem 
when  the  plate  is  finished.  In  the  last  space  on  the 
plate  draw  horizontal  and  vertical  base  lines  in  the  same 
corresponding  position  as  in  the  space  for  Problem  6.  The 
line  that  represents  the  front  elevation  of  the  circular  plane 
surface  is  then  drawn  in  the  same  position  as  in  the  ele- 
vation in  Problem  0;  with  the  dividers,  locate  points 
thereon  in  the  same  position  as  the  points  projected 
from  the  circle  to  the   front   elevation    in    Problem   5,    as 
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Fig.  17 


shown  in  Fig.  17.  Project  these  points  vertically  to  the 
plan  and  intersect  these  projectors  with  horizontal  pro- 
jectors drawn  from  the 
circle  in  Problem  5. 

When  projecting  points 
across  a  drawing — as  from 
the  space  occupied  by  Prob- 
lem 5  to  the  drawing  for 
this  problem  —  it  is  not 
necessary  to  draw  lines  the 
entire  distance.  By  care- 
fully placing  the  edge  of 
the  T  square  on  each  point 
in  turn,  corresponding  lines 
may  be  drawn  across  the 
plan  in  this  problem.  This 
saves  erasing  unnecessary  lines,  but  care  must  be  taken, 
when  making  projections  in  this  way,  to  observe  that  points 
thus  located  are  at  the  intersections  of  projectors  drawn 
from  points  in  corresponding  positions  in  each  of  the  views. 
Find  the  location  of  each  point  thus  projected  and  through 
these  points  trace  the  curve  that  represents  the  foreshort- 
ened view  of  the  circle,  using  the  irregular  curve  for  this 
purpose.  Thus  a  plan  and  a  front  elevation  of  the  circular 
plane  surface  is  drawn,  in  which  the  surface  is  represented 
in  a  rightly  inclined  position. 

Project  the  side  elevation  by  the  angular  method  of  sec- 
ondary projectors,  as  previously  explained,  and  designate 
the  point  in  both  views  by  a  small  dot  at  the  center  of  the 
surface.  Finally  project  the  full  view  by  the  arc  method, 
as  in  Problem  7.  In  this  problem  a  good  test  of  accuracy 
is  afforded  if,  after  the  nine  points  have  been  projected  to 
the  full  view,  a  circle  with  a  radius  of  J  inch,  described  from 
the  central  point,  passes   through    the  other    eight   points. 

67.  Importance  of  Accuracy. — Next  to  a  knowledge 
of  the  principles  of  projection,  neatness  and  accuracy  are 
the   prime   requisites  in  a  drawing.      The   student  should 
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carefully  observe  that,  when  the  points  determined  by  the 
intersection  of  lines  are  used  as  centers  for  arcs  or  circles, 
the  needle  point  of  the  compasses  should  be  placed  exactly 
on  that  position;  again,  drawing  three  or  more  lines  that 
shall  intersect  at  the  same  point  is  very  commonly  required 
in  projection  drawing  and  in  pattern  drafting;  this  is  not 
an  easy  thing  to  do  accurately  unless  carefully  practiced  by 
the  student.  It  is  needless  to  state  that  unless  the  work  is 
accurately  done  it  is  of  no  value. 

When  putting  in  the  figures  for  the  dimensions  on  draw- 
ings, care  should  be  observed  that  they  are  placed  on  those 
views  in  which  the  lines  and  surfaces  are  shown  in  their 
true  length.  Do  not  designate  a  foreshortened  view  of  a 
line  or  surface  by  a  dimension  figure,  when  another  view  is 
given  in  which  the  true  length  is  shown.  Again,  do  not 
repeat  the  same  dimension  on  different  views  of  the  same 
drawing;  thus,  in  Problem  2,  Case  I,  the  length  of  the  line 
is  given  as  2  inches  in  the  plan,  and  it  is  obviously  unneces- 
sary to  give  the  same  dimension  in  the  front  elevation. 

The  student  may  ink  in  all  the  problems  on  the  plates, 
but  the  letters  used  to  describe  the  different  positions  and 
lines  are  not  placed  on  the  drawing.  The  date,  name,  and 
class  letter  and  number  are  inscribed  as  in  the  plates  of 
Geometrical  Draivmg. 


DRAWING    PliATE,    TITIiE :    PHCTECTIONS    II 

58.  The  problems  for  this  and  the  succeeding  plates 
should  be  practiced  on  other  paper  and  then  copied  on  the 
drawing  that  is  to  be  sent  in  for  correction.  The  student 
can  thus  judge  better  as  to  the  relative  position  the  figures 
should  occupy  and  the  completed  plates  will  present  a  neat 
appearance.  In  making  the  projections  on  this  and  the 
succeeding  plates,  the  views  may  be  assumed  to  be  \  inch 
from  their  respective  base  lines,  as  this  will  enable  the  pro- 
jections to  be  kept  in  closer  proximity.  The  base  lines  are 
not  to  be  inked  in  on  this  or  the  following  plates.  Divide 
this   plate    by    a   central    horizontal   line;    the   part  of  the 
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drawing  above  this  line  is  divided  into  three,  and  the  part 
below  the  line  into  four,  equal  spaces. 


PltOBLEM  B 

SO,  To  project  a  side  elevation  and  a  Aill  vle'^ 
of  a  rightly  inclined  plane  snrfiiee  defined  by  an 
Irregular  outline. 

This  is  a  problem  in  which  the  student  has  an  opportu- 
nity to  use,  in  a  practical  way,  the 
knowledge  of  projection  thus  far 
gained.  The  surface  to  be  projected 
is  shown  in  a  rightly  inclined  position 
in  Fig.  18,  which  is  a  foreshortened 
view  of  the  surface.  This  figure  is  to 
be  copied,  in  the  size  indicated  by  the 
dimension  figures,  into  such  a  position 
in  the  upper  left-hand  space  on  the 
drawing  that  the  projections  when 
completed  will  occupy  about  the  cen- 
ter of  the  space. 

Construction. — First     draw     the 
^'°'  "  horizontal  line  A  B  1^  inches  longand 

bisect  it  at  o  by  the  vertical  line  C  D.  Make  o  D  ^  inch 
long  and  bisect  it  at  .r,  as  shown,  making  o  C  l^  inches 
long.  Set  the  compasses  at  a  radius  of  1\}  inches,  and 
with  A  and  C,  respectively,  as  centers,  describe  arcs  inter- 
secting at  f;  with  the  same  radius  and  with  B  and  C  as 
centers,  describe  arcs  similarly  intersecting  at  e'.  From 
these  centers  {e  and  <■')  describe  the  arcs  A  C  and  B  C, 
thus  producing  the  curved  outline  of  the  lower  portion  of 
the  plan.  Next,  divide  these  arcs,  by  spacing,  into  six 
equal  parts,  thus  locating  the  points  1,  1'.  5,  4,  and  5; 
from  these  points  draw  vertical  lines,  as  shown  in  Fig.  18. 
Complete  the  upper  outline  i)f  the  surface  as  represented  in 
the  figure;  thus,  locate  a  at  the  intersection  of  the  vertical 
from  1  with  a  horizontal  from  A ;  (/,  at  the  intersection  of 
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the  vertical  from  2  with  a  horizontal  from  D\  f,  in  like 
manner,  at  the  intersection  of  a  vertical  from  S  with  a  hori- 
zontal from  X. 

The  points  at  the  extremities  of  these  lines  and  those 
located  on  the  curved  outline  are  now  to  be  treated  as  in 
former  problems  and  the  projections  made  in  the  usual  way. 

Caution. — When  making  the  projections  for  this  prob- 
lem, the  student  must  observe  the  precautions  given  in 
regard  to  the  taking  of  the  same  corresponding  points  in 
each  view.  Project  the  side  elevation  first ;  it  may  be  desir- 
able for  the  student  to  ink  in  that  figure,  in  order  to  avoid 
the  confusion  arising  from  a  number  of  lines  crossing  one 
another  on  the  drawing.  Use  the  angular  method  for  the 
secondary  projectors  in  projecting  the  side  elevation  and 
the  arc  method  for  the  full  view.  Since  it  is  often  neces- 
sary, when  developing  patterns,  to  draw  several  views  over 
one  another  in  this  way,  the  student  should  accustom  him- 
self to  drawings  that  have  a  complicated  appearance  from 
this  cause,  and  should  learn  to  follow  each  set  of  projectors 
as  readily  as  though  they  were  in  separate  drawings. 
During  the  construction  of  this  projection,  it  will  be  noticed 
that  the  base  line  for  the  full  view,  in  order  to  be  drawn 
from  the  intersection  of  the  other  base  lines,  will  fall  below 
the  front  elevation  of  the  surface.  This  is  unimportant,  how- 
ever, since  its  purpose  is  the  same,  and  the  result  is  merely 
that  of  a   slight  appearance  of   crowding  on  the  drawing. 


PROBLEM    10 

60.  To  project  views  of  a  i>lane  surface  In  an 
obliquely  Inclined  position. 

Explanation. — A  full  view  of  the  surface  to  be  projected 
in  this  problem  is  shown  in  Fig.  19,  the  dimension  figures 
giving  the  size  in  which  it  is  to  be  drawn  by  the  student. 
The  upper  portion  of  this  surface  is  defined  by  a  semicircle, 
the  lower  by  one-half  of  an  octagon.  The  purpose  in 
selecting  a  surface  of  this  outline  is  to  give   the   student 


BO 


PRACTICAL    PROJECTION 


1 18 


some  practice  in  the  projection  of  both  straight  and  curved 

outline  surfaces. 

It   has  been   shown  that,   before   an  inclined   view  of  a 

surface  was  projected,  a  right  view — i.  e.,  a  right  plan 
and  elevation,  as  in  Problem  6 — has  first 
been  drawn.  These  views  alone  are  pro- 
jected in  drawings  of  simple  or  plain 
objects,  it  being  obviously  unnecessary  to 
sliow  any  object  in  a  working  drawing  in 
a  position  not  commonly  occupied.  But 
owing  to  the  different  shapes  of  objects, 
*'"^"  "  variously  outlined  surfaces  are  presented  in 

a  diversity  of  positions,  and  it  is  essential  that  the  student 

should   be    capable    of    projecting    any   surface    into    any 

conceivable  position  and  of  drawing  a  full  view  from  such  a 

projection. 

Construction. — The  method  of  drawing  oblique  views  of 

surfaces  is  shown  in  detail  at  (a),  (d).  and  (c),  Fig.  20,  the 


projections  at  (c)  being  the  ones  re<|uirL-d  for  the  plan  and 
elevation  of  this  problem.  Lay  a  st'parate  piece  of  paper 
over  the  drawing  of  Problem  9  on  the  plate,  and  reproduce 
thereon  the  ]>n)jections  shown  at  (rf)  and  (/'),  Fig.  20,  in 
accordance  with  princi]>les  already  explained.     Next,  draw 
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the  plan  and  elevation  at  (c)  in  their  proper  places  on  the 
plate.  The  drawing  shown  at  (a)  may  be  seen  to  be  similar 
to  that  of  Problem  5  of  the  preceding  plate;  (d)  is  projected 
directly  from  (a),  in  the  same  manner  as  Problem  6,  the 
angle  of  inclination  being  60°.  The  plan  of  this  surface  in 
(d)  is  then  copied  at  {c)  in  such  a  position  that  the  center 
line  A  B  makes  an  angle  of  60°  with  the  base  line  of  V  P. 
This  is  accomplished  by  first  drawing  the  center  line  A'  B* 
at  the  given  angle  in  (^),  noting  thereon  the  position  of  the 
points  w\  x\  and  j';  draw  perpendiculars  through  these 
points,  and  make  zu'  a'  in  (c)  equal  to  w  a  in  (^),  x'  U  equal 
to  X  D^  etc.  The  outline  of  the  plan  at  (^),  therefore,  is 
exactly  the  same  as  it  is  shown  in  (^),  the  only  difference 
between  the  two  views  being  the  fact  that  the  line  A*  B'  \w  (c) 
is  inclined  to  V  P,  while  in  (b)  it  is  perpendicular  to  that  plane. 

Let  us  consider  what  changes  have  here  been  represented. 
Cut  a  piece  of  cardboard  to  the  outline  and  size  shown  in 
Fig.  19  and  compare  it  with  the  different  positions  in  the 
drawings  just  made.  It  will  be  seen  that  the  cardboard 
must  be  held  in  a  horizontal  position  to  coincide  with  the 
drawing  at  (a) ;  to  represent  the  drawing  at  (^),  the  point  C 
must  be  raised  until  the  line  CD  is  at  the  angle  of  60° 
with  H  P.  The  plan  at  (V)  is,  therefore,  a  foreshortened 
view  of  the  surface,  although  its  elevation  may  still  be  rep- 
resented by  the  single  line  C  D ,  Now  turn  the  cardboard 
to  the  position  indicated  in  (r),  that  is,  so  that  the  line  A  B' 
makes  an  angle  of  60°  with  V  P. 

It  will  be  seen  that  the  line  C  D  in  its  relation  to  H  P  is 
not  affected  by  this  change,  its  angle  with  H  P  remaining  as 
before;  therefore^  the  vertical  distances  to  be  shown  in  the 
elevation  of  (c)  will  be  the  same  as  in  the  elevation  of  (^), 
and  may  be  projected  directly  to  {c)  from  (^),  as  shown  in 
Fig.  20.  Draw  horizontal  projectors  from  the  elevation 
at  {b)  to  the  elevation  in  (r),  intersecting  them,  in  the  man- 
ner shown,  by  primary  projectors  drawn  vertically  upwards 
from  the  points  in  the  plan  at  {c).  Trace  the  outline  of  the 
surface  thus  indicated  through  the  intersections  of  project- 
ors drawn  from  corresponding  points  in  each  view.     The 
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projections  shown  at  {c)  being  completed  on  the  plate,  the 
paper  on  which  {a)  and  (d)  were  drawn  may  now  be 
removed  and  the  side  elevation  required  for  the  problem 
projected  by  the  angular  method  previously  described. 
Three  views  are  thus  shown,  in  all  of  which  the  surface  is 
represented  as  inclined  at  an  oblique  angle  to  the  lines  of 
sight;  all  these  views,  therefore,  are  foreshortened.  Oblique 
views  may  always  be  drawn  in  this  manner;  that  is,  a  right 
view  is  first  drawn;  next,  a  rightly  inclined  view  is  pro- 
jected, the  desired  angle  being  represented  in  the  elevation. 
The  plan  thus  produced  is  then  redrawn  for  the  oblique 
view  and  its  elevation  projected  as  in  this  problem. 

61.     Position    of    Full    Views:     Ho^v    Determined. 

To  project  a  full  view  of  this  surface  it  is  first  necessary  to 
determine  whether  any  of  the  lines  or  distances  in  any  of 
the  views  are  shown  in  their  true  length,  but  without  hav- 
ing recourse  to  the  projections  made  on  the  separate  paper, 
since  projection  methods  are  to  be  used.  This  may  be  done 
by  comparing  the  relative  position  of  any  two  points  in  the 
outline  of  the  surface,  as  located  in  the  plan  and  elevation. 
If  it  is  found  that  a  line  drawn  between  any  two  of  these 
points  in  the  elevation  will  be  parallel  to  the  base  line  (and 
therefore  at  right  angles  to  the  vertical  lines  of  sight),  that 
line  will  be  shown,  of  course,  in  its  true  length  on  the  plan. 
Any  other  lines  parallel  to  it  will  also  be  shown  in  their 
true  length.  It  is  found  on  examination  that  points  in  the 
elevation  corresponding  to  the  positions  represented  by 
A  and  B,  Fig.  19,  are  located  on  the  same  horizontal  pro- 
jector; therefore,  a  line  drawn  between  these  points  as  they 
are  located  on  the  plan  will  be  represented  in  its  true  length 
in  that  view;  and  a  view  projected  from  these  points  in  the 
plan  by  primary  projectors  drawn  at  right  angles  to  this 
line,  intersected  by  secondary  projectors  from  the  front 
elevation  (by  a  modification  of  the  method  used  in  Prob- 
lem 7),  will  be  a  full  view  of  the  surface. 

Draw  the  oblique  base  line  in  the  proper  position,  i.  e., 
parallel  to  that  line  shown  in  full  length  in  the  plan  {A  B  on 
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the  plate),  as  above  explained,  and  at  such  distance  away 
from  the  plan  as  directed  in  the  instructions  for  drawing 
this  plate,  producing  the  line  indefinitely  towards  the  upper 
portion  of  the  drawing,  as  shown  on  the  plate  at  E  F.  In 
this  case,  the  line  thus  drawn  defines  the  inclination  of  the 
surface,  since  the  angle  is  the  same  in  both  plan  and  eleva- 
tion, viz.,  60^".  The  full  view  is  projected  as  follows:  Draw 
the  line  G  H  zX.  right  angles  to  the  base  line  EF  and 
from  the  intersection  oi  E  F  with  the  horizontal  base  line. 
By  the  arc  method,  draw  secondary  projectors  from  the 
elevation,  as  shown;  intersect  these  projectors  by  primary 
projectors  drawn  from  the  plan  at  right  angles  to  £/%  thus 
producing  the  full  view  of  the  surface.  It  will  be  found 
that  this  full  view  is  an  exact  counterpart  of  the  surface 
shown  in  Fig.  19,  and  should  correspond  to  the  preliminary 
drawing  in  the  plan  at  {a)  on  the  separate  paper.  Note 
that  the  portion  of  EF  included  between  /  and  q  cor- 
responds in  length  to  that  of  the  rightly  inclined  front 
elevation  at  (^),  Fig.  20.  This  may  be  seen  by  comparing 
that  portion  of  the  line  with  the  view  on  the  preliminary 
drawing.* 

The  student  should  now  be  able  to  recognize  any  view  of 
a  surface  in  any  position ;  that  is,  he  should  be  able  to  tell 
whether  a  view  represents  such  a  surface  in  a  right  position, 
a  rightly  inclined  position,  or  an  obliquely  inclined  position ; 
and  by  the  application  of  the  principles  illustrated  in  the 
foregoing  problems  and  the  exercise  of  a  little  judgment, 
he  should  be  able  to  project  any  surface  into  any  desired 
position.  Or,  being  given  a  surface  in  a  position  indicated 
by  a  properly  projected  plan  and  elevation,  he  should  be 
able  to  produce  the  full  view  and  designate  the  angle  of 
inclination. 

The  following  problem  will  serve  as  a  test  of  his  progress. 
The  principles  involved  have  already  been  presented  and 
the  method  of  application  will  be  readily  understood.     The 


*  It  should  be  noted  that  this  is  the  case  only  when  the  angle  of 
inclination  is  the  same  in  both  views. 
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angle  of  inclination  in  the  plan  is  not  the  same  as  is  shown 
in  the  elevation;  both  angles  are  to  be  determined  by  pro- 
jection methods. 


PROBLEM  11 

62.     To   project    the    full    view   of   an    Irregn^larly 
outlined  surface  obliquely  inclined. 

The  projections  of  this  problem  are  to  occupy  the  upper 
right-hand  space  of  the  drawing  plate.  The  plan  and  front 
elevation  are  shown  in  Fig.  21  and  are  reproduced  full  size 
on  the  sheet  opposite  this  page.*  The  outline  represented 
is  frequently  used  as  a  **stay,"  or  profile,  to  which  mold- 
ings are  formed  in  cornice  work.  Since 
the  view  shown  is  known  to  be  obliquely 
inclined,  its  dimensions  are  foreshort- 
ened, and  their  true  lengths  are  to  be 
found  by  projection  methods,  as  fol- 
lows : 


Construction. — The  student  should 
detach  the  sheet  opposite  this  page  and 
paste  the  plan  and  elevation  in  such 
a  position  in  the  third  space  on  the  plate 
that  the  base  line  M  N,  Fig.  21,  will 
^'^-  21  be  2^  inches  below  the  top  border  line 

and  exactly  horizontal.  Locate  a  number  of  points  on  the 
curved  outline  in  the  elevation,  by  equally  spacing  that 
portion  of  the  figure  with  the  dividers,  as  shown  at  i,  2^  S, 
and  4  iri  the  drawing  for  this  problem  on  the  plate,  and 
project  these  points  to  the  plan.  To  ascertain  the  angle  of 
inclination  in  the  plan,  draw  a  horizontal  line  through  the 
widest  portion  of  the  figure  in  the  elevation,  locating,  if 
possible,  one  end  of  the  line  at  an  angle  of  the  surface — as 
the  line  A  B.  Project  this  line  to  the  plan  at  A'  B\  as 
explained  in  Art.  61 ;  parallel  to  this  line  erect  the  oblique 
base  line  C  D. 

*  This  sheet  is  not  inserted  in  the  bound  volume  containing  this 
Paper. 
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The  angle  formed  by  these  lines  {A'  B'  and  C  D)  with  the 
horizontal  base  line  is  the  angle  of  inclination  of  the  surface 
to  V  P,  or  that  angle  shown  in  the  plan.  The  angle  of  incli- 
nation to  H  P,  or  that  shown  in  the  elevation,  is  most  easily 
found  by  constructing  a  right-angled  triangle  whose  base 
and  altitude  are  equal  to  certain  distances  found  in  the  plan 
and  elevation;  that  is,  the  base  is  equal  to  the  extreme  width 
of  the  figure  in  the  plan,  taken  at  right  angles  to  the  line  of 
inclination  in  that  view  (shown  by  the  dimension  N).  The 
altitude  is  the  vertical  height  shown  in  the  elevation  at  M. 
Construct  this  right-angled  triangle  on  the  horizontal  base 
line  extended,  as  shown  at  N'  M\  and  locate  one  end  of  the 
base  at  D^  the  intersection  of  the  base  lines.  Extend  the 
hypotenuse  indefinitely  towards  the  right  of  the  drawing. 
Next,  intersect  primary  projectors  drawn  from  the  plan  to  the 
oblique  view  by  secondary  projectors  drawn  from  the  eleva- 
tion by  the  arc  method,  as  shown  on  the  plate.  The  full 
view  of  the  surface  is  then  traced  through  the  intersections 
of  these  projectors,  completing  the  problem. 

63.  Projection  of  Solids. — We  now  come  to  the  pro- 
jection of  solids,  which,  as  before  noted,  are  merely  various 
combinations  of  surfaces.  Projections  of  surfaces  in  a 
variety  of  positions  having  already  been  made,  we  shall 
encounter  no  new  principles  in  the  projection  of  solids,  the 
surfaces  of  which  are  projected  in  the  same  manner  as  has 
been  shown  in  preceding  problems. 

Since  lines  intersect  in  a  point,  so  surfaces  intersect  in  a 
line,  and  in  drawing  projections  of  solids  it  is  necessary  only 
to  find  the  true  projections  in  any  view,  or  set  of  views,  of 
those  lines  that  represent  the  correct  intersections  of  the 
adjacent  surfaces;  this  is  a  comparatively  easy  thing  for  the 
student  to  do,  if  he  will  use  proper  care  and  diligence  in 
the  application  of  the  principles  of  the  preceding  problems. 

64,  Projection  of  the  Cube  Illiistratetl. — Every  solid 
consists  of  a  number  of  surfaces,  each  of  which  is  differ- 
ently shown  when  the  solid  is  projected  to  the  various  views. 
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This  is  due  to  the  fact  that  the  observer  is  assumed  to  occupy 
a  different  position  in  each  view  of  the  solid  thus  projected. 
In  certain  positions  some  solids  show  one  or  more  of  their 
surfaces  directly  behind  another  surface  of  the  same  size  and 
shape.  This  would  be  the  case  if  the  projections  of  the 
cube,  referred  to  in  Art.  18,  were  drawn  as  shown  in  Fig.  33. 
When  the  cube  is  in  a  right  position — that  is.  with  two  sur- 
faces horizontal,  and  that  surface  nearest  the  observer  in  a 
side  view  in  such  position  that  the  lines  defining  that  surface 
will  be  at  right  angles  to  the  lines  of  sight,  as  indicated  in 
Fig.  22 — it  is  evident  that  the  surface  parallel  to  and  behind 


the  front  surface  will  be  projected  by  the  same  lines  of  sight 
as  the  front  surface.  Therefore,  in  such  a  case,  a  projection 
of  the  front  surface  of  the  cube  is  equivalent  to  a  projection 
of  the  entire  cube.  Each  projection  of  the  cube  in  the  plan, 
front,  and  side  elevations  is  a  square,  the  sides  of  which  are 
1  inch  long,  while  the  views  are  arranged,  as  shown  in  Fig.  23, 
in  such  a  way  as  to  appear  related  to  one  another. 


65.  In  "reading"  the  projections  shown  in  Fig.  23, 
we  merely  compare  the  surfaces  of  the  cube  as  they 
are  shown  in  the  different  projections.  Thus,  the  sur- 
face A  li  CD,  Fig.  23,  is  represented  in  the  plan  of  Fig.  23 
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by  the  line  A  i>,  and  in  the  front  elevation  by  the  line  B  C, 
while  a  full  view  of  that  surface  is  shown  in  the  side 
elevation;  so,  in  like  manner,  the  position  of  each  surface 
of  the  cube  mav  be  determined.  Note  that,  in  each  full 
view,  two  surfaces 
are  represented ;  thus, 
in  the  front  elevation 
of  Fig.  22,  the  sur- 
faces B  F  G  C  and 
A  EH D  are  projected 
on  V  P  as  one  surface 
at  PQRS.  It  is  thus 
shown  that  surfaces  in 
their  relation  to  one 
another,  when  combined 
in  one  view,  as  in  the 
projection  of  a  solid, 
partake  of  the  same 
principle  that  has  been 
shown  in  its  application  to  points  and  lines,  viz.,  surfaces 
whose  outlines  are  contained  in  the  same  lines  of  sight  in 
any  view  are  projected  in  that  viezu  as  one  surface. 

The  difference  in  position  of  the  several  views  due  to  the 
use  of  first-  and  third-angle  projection  may  easily  be  illus- 
trated in  connection  with  Fig.  23.  Here  the  cube  is  repre- 
sented as  having  been  projected  in  the  first  angle.  If  the 
student  will  now  turn  the  book  **  upside  down,"  he  will  see 
the  three  views  of  the  cube  in  the  relative  positions  they 
would  occupy  were  the  drawing  made  by  the  third-angle 
method.  It  will  be  seen  that  the  effect  is  merely  that  of 
rendering  the  plan  uppermost  on  the  drawing.  The  front 
elevation  then  is  seen  below  the  plan,  while  the  side  eleva- 
tion, as  in  first-angle  projection,  is  at  the  side  of  the  plan. 
In  the  case  of  a  simple  solid  like  the  cube,  the  use  of  differ- 
ent angles  of  projection  has  but  slight  effect,  but  when  a 
more  complicated  solid  is  represented  on  the  drawing,  it 
becomes  necessary  for  the  one  that  would  **  read  '*  the  draw- 
ing to  know  which  angle  has  been  used  by  the  draftsman. 
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Note  that  in  Fig.  23  the  secondary  projectors  are 
described  from  /?  as  a  center,  the  lines  of  the  cube  being 
used  as  base  lines,  as  mentioned  in  Art.  39.  When  this 
short  method  is  adopted  in  the  case  of  secondary  project- 
ors, the  center  from  which  they  are  described  must  be 
located  at  that  intersection  of  the  primary  projectors  near- 
est the  two  views  between  which  secondary  projectors  are 
drawn.  A  further  illustration  of  this  will  be  given  in  con- 
nection with  a  later  drawing. 

66,  Hidden  Surfaces :  IIom'  Indicated. — When  the 
form  of  a  solid  is  such  that  in  any  view  a  smaller  surface  is 
hidden  by  a  larger,  the  smaller  surface  is  not  shown  in  that 
view,  although  frequently  its  outline  may  be  defined  by 
dotted  lines  on  the  drawing.  This  applies  also  to  projections 
in  which  two  or  more  solids  are  shown  in  positions  such  that 
some  of  their  surfaces  are  completely  or  partially  hidden  by 
other  surfaces  nearer  the  eye  of  the  observer.  Only  such 
surfaces  as  receive  the  lines  of  sight  directly  from  the  eye  of 
the  observer  are  shown  in  a  view  by  full  lines,  although,  as 
mentioned  above,  the  outline  of  such  other  surfaces  as  it 
may  be  desirable  to  show  in  a  drawing  may  be  indicated  by 
dotted  lines. 

67,  Facility  in  Reading  Drawlnprs  Acquired  Only 
by  Practice. — The  reading  of  working  drawings  is,  there- 
fore, a  comparatively  easy  matter,  if  the  student  will  resolve 
each  portion  of  the  object  represented  into  its  respective 
surfaces  and  look  for  the  various  outlines  as  they  are  shown 
in  the  different  projections.  If  this  is  found  a  difficult  task, 
the  surfaces  may  be  further  resolved  into  lines  and  points, 
whose  respective  positions  may  then  be  located  in  each  view 
shown.  It  is  not  to  be  expected  that  the  position  of  every 
surface  in  a  complicated  drawing  will  be  seen  by  the  beginner 
at  a  single  glance — an  expert  seldom  acquires  such  profi- 
ciency— but  as  *' practice  makes  perfect,"  the  student  may 
easily  accustom  himself,  by  careful  study  of  the  various 
positions   of   the    surfaces   composing    the   solids   that   are 
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projected  in  the  following  problems,  to  the  more  or  less 
complicated  projections  found  in  the  various  mechanical 
and  architectural  journals,  in  shop  drawings,  or  in  such 
other  projection  drawings  as  are  within  his  reach. 

68.  The  Center  Lilne. — It  has  been  found  convenient, 
when  making  projections  of  objects,  to  make  use  of  a  line 
that  is  imagined  to  pass  through  the  central  portion  of  the 
solid  as  it  is  shown  in  any  plan  and  elevation.  Such  a  line 
is  called  a  center  line,  and  in  many  projections  it  is  inked  in 
when  the  drawing  is  finished,  since  it  frequently  affords  a 
convenient  means  of  indicating  certain  positions  of  the  fig- 
ure, besides  assisting  in  the  location  of  the  several  surfaces 
of  the  solid  in  the  different  views.  This  line,  however,  is 
central  only  in  its  relation  to  the  object  of  which  the  draw- 
ing, is  a  representation,  and  not  in  relation  to  the  planes  of 
projection.  This  may  be  better  understood  by  considering 
the  center  line  as  the  projection  of  an  imaginary  surface  (or 
plane)  that  passes  through  the  central  portion  of  the  figure. 
It  is  generally  represented  in  those  views  only  in  which  that 
imaginary  surface  can  be  shown  in  one  line,  or,  as  we  have 
said  before,  as  if  '*on  edge."  Thus,  in  the  right  view  pro- 
jected in  Fig.  23,  the  lines  w  x  and^j  are  center  lines,  rep- 
resented on  the  drawing  by  the  broken-and-double-dotted 
lines  shown  in  Fig.  23.  The  practical  use  of  the  center  line 
will  be  illustrated  in  the  succeeding  problems  by  the  pro- 
jection of  solids  into  various  positions. 


PROBLEM    18 

69.  To  draw  the  pi-ojeetloii  of  a  gflveii  solid,  sev- 
eral positions  Ik? lug:  indlcatetl. 

The  solid  foe  the  projections  of  this  problem  is  shown 
in  perspective  in  Fig.  24.  It  is,  as  the  figure  shows,a  pent- 
agonal prism;  that  is,  a  solid  whose  ends  are  pentagons  and 
parallel  to  each  other  and  whose  sides  are  parallelograms. 
The   dimensions   are   given    in    Fig.  24;    three   projections 
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are  to  be  drawn,  each  showing  the  solid  in  a  different 
position;  each  projection  will  be  complete 
in  a  set  of  views  consisting  of  a  plan  and 
front  and  side  elevations.  Each  set  of  pro- 
jections is  to  occupy  one  of  the  remaining 
spaces  on  the  plate,  the  prism  being  shown 
in  the  positions  indicated  by  the  following 
cases: 

Case  I. — In  an  upright  position,  the  side 
nearest  the  observer  being  parallel  to  V  P. 

The  projections  showing  this  position  of 
FIG.  84  jjjg  prism  may  be   readily  drawn   by  the 

student  from  the  explanations  and  instructions  already 
given.  The  plan,  which  is  a  pentagon  with  J-inch  sides, 
should  be  drawn  first,  according  to  instructions  given 
ip  Geometrical  Drawing.  Draw  the  center  lines  as  in 
Fig,  23  and  ink  them  in,  completing  the  drawing  as  shown 
on  the  plate.  All  lines  that  represent  the  intersection 
of  surfaces — i.  e.,  the  edges  of  the  prism — and  that  intercept 
the  lines  of  sight  directly  from  the  eye  of  the  observer  are 
to  be  represented  by  full  lines  on  the  drawing.  All  hidden 
edges  are  to  be  shown  by  dotted  lines. 

Case  11. — In  a  horizontal  position,  the  upper  side  being 
parallel  to  H  P,  and  the  ends  of  the  prism  parallel  to\9  in 
the  side  elevation. 

In  this  case,  which  differs  from  Case  I  only  in  the  posi- 
tion of  the  prism,  the  side  elevaticm  should  be  drawn  first. 
It  may  here  be  mentioned  that,  in  drawing  different  views 
of  objects  in  right  positions,  the  question  as  to  which  view 
is  drawn  first  is  merely  a  matter  of  convenience,  depending 
on  the  form  i)f  the  object  represented.  Thus,  in  Case  I 
the  plan  is  drawn  first;  in  this  instance  it  is,  however,  more 
convenient  to  draw  the  side  elevation  first.  In  this  drawing 
it  is  only  in  the  jtlan  and  the  side  elevation  that  the  center  line 
can  be  shown,  since  an  edge  view  of  the  plane  represented 
would  not  be  given  in  the  front  elevation. 
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Case  III. — ///  a  rightly  inclined  position,  the  angle  of 
inclination  of  the  center  line  {and  consequently  of  the  prism) 
to  HP  being  75°. 

Explanation. — The  sides  of  the  prism  are  in  the  same 
relative  position  to  V  P  in  the  front  elevation  as  in  Case  I. 
(See  the  plate. )  The  projection  of  solids  to  inclined  posi- 
tions is  accomplished  in  the  same  manner  as  the  projection 
of  surfaces  to  similar  positions  in  preceding  problems. 
Practical  use  may  be  made  of  the  center  line  in  this  drawing; 
this  line  may  be  shown  in  the  front  elevation,  but  cannot 
be  continued  to  the  plan  from  that  view,  since  it  is  clear 
that  its  true  position  may  not  be  shown  there  in  one  line. 

■ 

Construction. — First  draw  the  line  wx  in  that  part  of 
the  space  devoted  to  the  front  elevation  and  at  an  angle 
of  75°  to  the  base  line.  The  line  la  x  is  the  center  line  of  the 
front  elevation.  Next,  copy  the  front  elevation  of  Case  I  in 
the  same  relative  position  on  this  line,  thus  producing  the 
rightly  inclined  front  elevation.  Draw  primary  projectors 
vertically  downwards  from  all  points  of  this  front  elevation, 
and  intersect  them  with  horizontal  primary  projectors  drawn 
from  the  plan  of  Case  I,  in  the  same  manner  as  the  plan  of 
Problem  6  on  the  preceding  plate  was  produced.  Next, 
draw  the  outline  of  the  plan  by  connecting  the  intersections 
of  projectors  that  have  been  drawn  from  corresponding 
points  in  each  of  the  two  views.  Project  the  side  elevation 
by  means  of  secondary  projectors  described  from  the  inter- 
section of  the  upper  and  right-hand  primary  projectors,  that 
is,  at  O  on  the  plate  (see  Art.  65).  When  drawing  second- 
ary projectors  for  solids  whose  surfaces  do  not  extend  to 
the  outer  primary  projectors  in  the  adjacent  views,  note 
that  the  primary  projector  must  be  produced  as  at  Oy 
and  O  z. 

Case  IV. — ///  an  obliquely  inclined  position,  with  the  center 
line  at  an  angle  of  J^o""  to  V  P  and  I't '  to  H  P,  the  upper  side 
being  in  such  a  position  that  a  full  viezo  ivill  be  shown  of  its 
upper  and  loiver  edges, 

C.    IV.— 16 
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Explanation. — As  in  Problem  10,  where  a  surface  was 
projected  to  an  obliquely  inclined  position,  so  in  this  prob- 
lem some  preliminary  work  must  be  done  on  another  piece 
of  paper.  These  preliminary  projections  are  shown  in 
Pig.  as,  of  which  (a)  is  the  right  plan  and  elevation  and  {&) 
is  the  rightly  inclined  drawing. 

Construction, — On  a  separate  piece  of  paper  construct 
the  projections  shown  at  {a),  Fig.  25;  copy  the  elevation 
produced  at  (a)  in  such  a  position  at  (l>)  that  the  angle  of 
the  center  line  w  x  is  15°  to  H  P,  as  required  by  the  condi- 
tions of  the  problem.  Next,  project  the  plan  in  {b)  from 
the  plan  of  {a),  in  connection  with  the  elevation  of  (J>),  as 
indicated  by  the  primary  projectors  drawn  from  these  views. 
Redraw  the  plan  of  {b)  at  (r)  and  give  its  center  line  ys 


the  required  angle  of  45°  to  V  P.  Next,  produce  the  eleva- 
tion in  (r)  by  drawing  primary  projectors  from  the  elevation 
in  (b)  and  intersecting  them  by  primary  projectors  drawn 
from  corresponding  paints  in  the  pl;in  in  (i^).  These  opera- 
tions are  precisely  similar  to  those  used  in  producing  the 
obliquely  inclined  views  of  the  surface  in  Problem  10;  and 
if  the  extra  piece  of  paper  is  laid  over  the  drawing  in  such  a 
manner  as  to  leave  the  lower  right-hand  space  exposed,  the 
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drawings  shown  in  Fig.  25  at  (c)  may  be  projected  directly 
to  their  proper  position,  thus  producing  the  plan  and  front 
elevation  required.  The  side  elevation  is  then  projected  by 
means  of  secondary  projectors  described  from  the  center  O, 
as  shown  on  the  plate.  It  is  thus  shown  that  oblique  views 
of  solids  are  projected  by  the  same  methods  as  those  used  in 
the  case  of  surfaces. 

Note.  —The  appearance  of  this  plate  will  be  improved  if  the  base 
line  of  the  front  elevation  of  this  case  is  placed  |  inch  higher  than  in 
the  preceding  cases. 

70.  Tlie  Axial  Idne. — In  views  such  as  are  projected 
in  this  drawing — i.  e.,  obliquely  inclined  views — the  center 
line,  as  the  representation  of  the  central  plane  of  the  figure, 
can  be  shown  only  in  the  plan;  that  is,  in  the  position  of 
the  solid  shown  in  this  case.  The  position  of  the  solid  might 
be  such  that  the  center  line  would  be  shown  in  one  of  the 
elevations,  or  possibly  not  in  any  right  view.  However,  it 
is  sometimes  represented  in  drawings  merely  as  a  central 
line,  and  not  as  the  representation  of  a  central  plane ;  it  may 
in  such  cases  be  projected  to  the  other  views  by  means  of 
points  located  at  convenient  distances  on  the  line.  It  is  then 
called  an  axial  line ^  or  line  of  axis ^  and  represents  the  posi- 
tion of  the  axis  of  the  solid.  It  is  not  projected  in  the  cases 
of  the  preceding  problem,  since  the  figure  is  not  of  such  a 
form  as  to  demand  the  location  of  an  axial  line.  The  axial 
line  is  similar  in  its  use  to  the  center  line  and  is  represented 
on  drawings  by  the  same  kind  of  a  broken-and-dotted  line. 

In  order  to  avoid  confusion,  the  center  and  axial  lines  are 
usually  indicated  by  small  lettering  placed  conveniently 
near  one  end  of  the  lines;  thus,  ** center  line"  or  **  axial  line." 


DRAWING    PliATE,  TITIiE :     PROJECTIONS    III 

71.  Three  problems  are  to  be  drawn  on  this  plate,  each 
of  which  will  require  two  sets  of  projections.  Like  the  pro- 
jections of  Problem  1'^,  they  consist  of  a  plan  and  front  and 
side  elevations.  Each  set  of  projections  occupies  one  space 
on  the  drawing,  and  the  plate  is  divided  into  six  equal  spacer 
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by  a  single  horizontal  and  two  vertical  lines.  The  different 
cases  of  each  problem  are  drawn  in  the  same  vertical  divi- 
sion ;  thus,  Case  I  of  Problem  13  occupies  the  upper  left  hand 
space  and  Case  II  of  the  same  problem  is  directly  under  it. 
Cases  I  and  II  of  the  other  two  problems  on  the  plate  are  to 
be  placed  in  the  same  way  in  the  remaining  spaces. 


PROBLEM    IS 

73.     To  diww  the  projections  of  a  cylinder. 
.The   method  of   projection  used  in   the  case  of  surfaces 
having  curved   outlines   has   been   shown    in   a   preceding 
problem.     Two  such  surfaces  are  presented  in  the  ends  of 
the  cylinder  shown  in  perspective  in  Fig.  26,  and  the  fig- 
ure also   gives  the  dimensions  of   the 
solid  as  it  is  to  be  drawn  on  the  plate. 
Since    with  the  exception  of  those  at 
the  intersection  of  the  ends,  there  are 
no  edges  formed  by  the  curved  sides  of 
the  cylinder,  there  will  be  no  full  lines 
on  the  drawing  except   those  required 
to    show    the   ends   in   their  different 
posit  ons  and  the  outline  of  the  sides. 
A  fr  nt  elevation  of  the  cylinder  in  the 
right  position  indicated   by  Fig.  26  is 
^'°  *  therefore  a   parallelogram,  the   length 

of  whose  horizontal  sides  is  equal  to  the  diameter  of  the 
circular  surfaces  at  the  ends  of  the  cylinder — the  vertical 
sides  equal  in  length  to  the  height  of  the  cylinder.  Its  entire 
dimensions  and  its  form  are  indicated  in  a  plan  and  front 
elevation,  and  there  is  no  need  of  making  any  further  draw- 
ings to  enable  the  mechanic  to  understand  the  shape  of  the 
solid  thus  represented. 
Case  I. —  IV/ieti  the  cylinder  is  rightly  tm: lined. 
ExiM.ANATioN. — In  this  drawing  the  cylinder  is  inclined  at 
an  angle  of  60°  to  H  P.  Rightly  inclined  views  of  solids  are 
often  drawn  by  a  method  somewhat  shorter  than  that  shown 
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in  preceding  problems.  By  this  method,  temporary  views 
are  drawn  in  convenient  positions  on  the  paper  and  rightly 
inclined  views  are  projected,  as  shown  in  this  case.  Less  space 
is  required  for  the  drawing  and  a  saving  of  time  is  effected ; 
the  principles  involved,  as  will  be  seen  from  the  following  con- 
struction, are  identical  with  those  of  the  preceding  problem. 

Construction. — First  draw  the  center  line  in  the  eleva- 
tion at  the  given  angle — as  A  Bin  the  drawing  on  the  plate. 
Describe  the  circle  shown  at  (;«),  which  represents  a  full 
view  of  the  end  of  the  cylinder;  next,  draw  the  front  eleva- 
tion C  D  E  F  on  the  center  line  A  B  according  to  the  given 
dimensions.  Describe  a  circle  similar  to  (;;/)  at  (n) ;  this  is  a 
temporary  view  of  the  end  of  the  cylinder  and  corresponds 
to  the  plan  of  the  prism  at  (ri),  Fig.  25.  Locate  a  conve- 
nient number  of  points  at  equal  distances  on  the  outline  of 
each  full  view  thus  drawn  at  (;//)  and  (w).  Project  the  points 
of  (;//)  to  the  elevation  C  D  E  F,  and  thence  draw  primary 
projectors  vertically  downwards;  intersect  these  primary 
projectors  by  other  primary  projectors  drawn  horizontally 
from  similar  points  located  on  the  outline  of  the  full  view 
at  (;/).  Trace  the  outline  of  the  plan  thus  produced  through 
points  of  intersection  corresponding  to  those  on  the  full 
views.  The  temporary  full  views  (;;/)  and  (//)  may  then  be 
erased  from  the  plate.  Project  the  side  elevation  by  means 
of  secondary  projectors  described  by  the  arc  method,  thus 
completing  the  drawing. 

Ctise  II. —  When  the  cylinder  is  obliquely  inclined. 

Explanation. — The  method  of  projecting  the  drawings 
required  for  this  case  is  similar  to  that  already  given  for 
oblique  views  of  surfaces  and  solids,  and  has  been  fully 
explained  in  Art.  60,  and  also  in  connection  with  Case  IV  of 
Problem  12.  A  right  view  is  first  drawn  [as  the  elevation 
and  full  view  {m)  of  the  preceding  case];  next,  a  rightly 
inclined  view.  The  rightly  inclined  plan  thus  drawn  is 
then  recopied  at  the  given  angle,  thus  producing  the  plan  of 
the  oblique  view;  from  this  plan,  in  connection  with  the 
rightly  inclined   elevation,  the  obliquely  inclined  elevation 
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is  projected.  The  rightly  inclined  plan  and  elevation 
having  been  drawn  in  Case  I  of  this  problem,  the  plan  there 
shown  may  be  redrawn  for  the  plan  of  this  case. 

Construction. — On  a  separate  piece  of  paper  reproduce 
the  plan  and  front  elevation  of  Case  I  and  fasten  this  paper 
by  thumbtacks  to  the  drawing  board,  towards  the  left  of  the 
space  used  for  this  case.  Next,  redraw  the  plan  of  Case  I 
in  its  proper  place  on  the  plate  for  this  case,  and  in  such  a 
position  that  the  line  G  H  oi  Case  I  forms  an  angle  of  60° 
with  the  base  line  of  the  front  elevation,  as  shown  at  C  H' 
on  the  plate.  Then  produce  the  front  elevation  by  drawing 
primary  projectors  upwards  from  the  plan  and  intersecting 
them  by  similar  projectors  drawn  horizontally  from  the 
rightly  inclined  elevation  on  the  attached  sheet,  which  may 
then  be  removed.  Trace  curves  through  the  points  thus 
projected  and  draw  the  tangential  lines,  as  previously 
described  and  as  shown  at  C  D'  P  E'  on  the  plate.  Project 
the  side  elevation  as  in  preceding  problems,  taking  special 
care  to  project  from  similar  points  in  each  view. 


PROBLEM    14 

73.     To  draw  the  projections  ofa  liexagonal  pyramid. 

A  pyramid  is  a  solid  whose  base  is  a  polygon  and  whose 
sides  are  triangles  uniting  at   a  common  point   called  the 

_ ^_  vertex.     The  pyramid   for  the  projec- 

^ffV  tions    of    this    problem    is    shown    in 

/'i;\  Pig.  37,  where  its  dimensions  are  clearly 

/''I'B,  indicated.     Since    these   drawings   are 

jl  //  B ';  m         very  easy  and  are  constructed  in  a  man- 

T       /;'   W  \  Rl       ner  similar  to  those  of  preceding  prob- 

/  :'     f       '■  \    \      lems,  definite  instructions  are  omitted, 

/  ,-'■   /       '    \    ^'    and  the  student  is  expected  to  be  able 

Lk         r__        \  '■;!  to  complete  the  drawings  by  the  aid  of 

I  ^\^^s        Y  '<  the  brief  explanations  that  follow. 

r-         "~iF — '      Case  I. — IV/ieti  the  pyramid  is  in  a 

Fio.  2?  right  position. 
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ExpLANATiox. — The  plan  o£  this  projection  is  most  con- 
veniently drawn  Hfst,  a  circle  IJ  inches  in  diameter  being 
described  from  (?  as  a  center,  as  shown  on  the  plate.  The 
edges  of  the  pyramid  are  then  drawn:  a  horizontal  diameter 
and  two  diameters  at  angles  of  60°  with  the  first  repre- 
sent the  upright  edges;  chords  of  the  arcs  thus  designated 
are  then  drawn,  and  the  plan  of  the  pyramid  is  complete. 
Next  draw  the  center  lines  A  B  and  CD;  set  off  the  height 
of  the  pyramid  on  the  line  A  B  and  complete  the  front  ele- 
vation by  the  aid  of  primary  projectors,  as  shown  on  the 
plate,  the  side  elevation  being  projected  as  in  fornaer 
problems. 


-When  the  pyramid  is  i 


t  obliquely  inclined 


Case  II. 

position. 

Explanation. — The  angles  of  inclination  in  the  projec- 
tions of  this  case  are  60°  to  H  P  and  45°  to  V  P.     Preliminary 


drawings  are  required  on  separate  paper,  as  shown  in  Fig.  28, 
first,  as  at  (a),    showing  a  right  view  of  the  pyramid;  and 
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second,  as  at  (^),  showing  a  rightly  inclined  view,  the  angle 
of  inclination  (of  the  center  line)  being  60°  to  H  P.  The 
plan  produced  at  (b)  is  then  copied  on  the  plate  in  such  a 
position  that  its  axial  line  will  make  the  required  angle, 
viz.,  45**  to  V  P,  as  shown  by  the  line  tv  x  Sit  (c),  Fig.  28. 
The  front  elevation  is  then  projected  as  in  Case  II  of  the 
preceding  problem,  that  is,  by  vertical  primary  projectors 
drawn  from  the  plan  in  (r),  intersected  by  horizontal  pri- 
mary projectors  drawn  from  the  elevation  in  (b).  The  pro- 
jection of  the  side  elevation  by  the  arc  method  of  secondary 
projectors  is  also  similar  to  the  preceding  projections,  as 
will  be  seen  from  an  inspection  of  the  plate. 


PROBLEM    15 

74.     To  draw  the  projections  of  a  cone. 

The  cone  is  a  solid  that  may  be  produced  by  the  revolution 
of  a  right-angled  triangle  around  one  of  its  sides  as  an  axis. 
Its  base,  therefore,  is  a  circle,  and  its  curved  surface  tapers 
uniformly  towards  a  point  at  the  top  called  the  vertex,  or 
ii/>ex.  Like  the  cylinder,  its  entire  form  and  dimensions 
are  presented  in  a  plan  and  a  single  elevation  showing  a  right 
view  of  the  cone.  The  cone  for  the  projections  of  this  prob- 
lem is  shown  in  perspective  in  Fig.  29,  which  gives  the 
dimensions  that  the  cone  is  to  present  on  the  plate.  The 
methods  used  are  precisely  similar  to  those  used  in  the  case 
of  the  hexagonal  pyramid  in  the  preceding  problem. 

Case  I. — In  a  rightly  inclined  position. 

Explanation. — In  order  to  produce  the  rightly  inclined 
front  elevation,  a  construction  similar  to  that  used  in  Case  I 
of  Problem  13  is  here  used.  The  drawing  differs  from  that 
projection  only  in  the  form  of  the  solid.  The  angle  of 
inclination  in  this  case  is  50°  to  H  P. 

Construction. — Draw  the  center  line  A  ^  (see  the  plate) 
at    the  given  angle,  that    is,  50°  to  the  horizontal.      Next, 
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FIO.  29 


construct  the  triangle  representing 
the  elevation  of  the  cone  and  describe 
the  circle  at  (/;/) — a  temporary  full 
view  of  the  base.  Describe  a  similar 
circle  at  («),  also  a  full  view  of  the 
base,  and  locate  a  convenient  number 
of  points  on  the  outline  of  each  full 
view — in  this  case  eight — as  shown  at 
^,  ^,  f ,  etc. ,  on  the  plate.  Project  the 
rightly  inclined  plan  in  a  manner  pre- 
cisely similar  to  that  used  in  the  view 
of  the  cylinder  in  Case  I  of  Prob- 
lem 13.  Erase  the  temporary  views  (;;/)  and  («),  and  pro- 
ject the  side  elevation  as  in  preceding  projections. 

Case  II. — /;/  an  obliquely  inclined  position. 

Explanation. — The  angle  of  inclination  to  H  P  is  the  same 
as  in  the  drawing  last  made,  and  the  plan  of  that  projection 
may  be  recopied  for  the  plan  of  this  case,  but  it  is  to  be 
drawn  on  the  plate  in  such  a  position  that  the  center  line  w  x 
will  make  an  angle  of  45°  to  V  P.  The  plan  and  front  eleva- 
tion of  the  preceding  case  must  be  redrawn  on  separate 
paper  and  temporarily  fastened  over  the  drawing  towards 
the  left  of  the  space  required  for  this  case,  in  order  that  the 
projection  of  the  front  elevation  may  be  drawn.  As  this 
process  is  similar  to  that  used  in  preceding  constructions,  no 
further  explanation  will  be  given.  Complete  the  projections 
in  the  plan,  front,  and  side  elevations  as  shown  on  the  plate. 

Note. — When  inclined  views  are  drawn  of  solids  having  curved 
surfaces  (as  the  cylinder  and  the  cone),  the  circular  ends  should  first 
be  projected.  The  outline  of  the  curved  surface  is  then  represented 
as  tangent  to  the  base,  or  bases,  of  the  solid,  and  without  regard  to  the 
intersection  of  such  outline  with  any  given  point  on  the  base  outline. 

75.  Self-Rellance. — The  student  that  has  intelligently 
completed  the  projections  of  the  foregoing  problems  and 
has  made  frequent  use  of  the  imaginative  feature  of  this 
subject,  as  previously  explained  and  directed,  should  now 
possess  a  very  complete  knowledge  of  the  methods  of  pro- 
jection used  in  representing  plain  solids  in  various  positions. 
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The  projection  of  irregularly  outlined  figures  has  not  been 
presented,  since  the  methods  are  identical  with  those 
already  shown.  The  student  should  acquire  a  degree  of 
self-reliance  in  this  work ;  for  if  he  is  to  depend  on  having 
the  projection  of  every  conceivable  form  described  for  him, 
the  principles  governing  those  projections  will  become  a 
secondary  matter,  whereas  the  practical  draftsman  requires, 
above  all  else,  the  faculty  of  recognizing  the  principles  by 
which  to  define  and  project  the  various  forms  occurring  in 
the  course  of  his  work. 

Note. — The  student  should  understand  that  the  percentage  of 
marking  adopted  for  these  plates  is  based  on  the  degree  of  accu- 
racy in  which  the  projections  are  drawn  to  the  angles  of  inclina- 
tion, as  well  as  on  the  quality  of  neatness  attained  in  the  finish  of  the 
drawings. 

DRAWING    PI/ATE,  TITL.E:    SECTIONS    I 

76.  Use  of  Section  Drawings. — A  section  drawing, 
as  previously  explained,  is  a  projection  of  a  portion  of  a 
solid,  in  a  view  where  the  solid  is  intersected  by  a  plane. 
This  plane — sometimes  called  a  cutting  plane — may  pass 
through  the  solid  in  any  direction;  that  portion  of  the  solid 
between  the  plane  and  the  observer  is  assumed  to  have  been 
removed.  Section  drawings  are  useful  in  many  ways,  for  by 
such  means  the  construction  of  interior  parts  of  objects 
may  be  shown.  It  is  desirable  in  many  cases  to  show 
some  particular  form  that  a  solid  of  peculiar  shape  p)os- 
sesses  at  a  place  where  it  cannot  be  presented  in  an 
exterior  view,  and  in  such  cases  sections  are  projected. 
The  section  is  considered  simply  as  a  surface  that  would 
appear  on  the  cuttmg  plane  in  any  view  of  the  object  pro- 
jected. The  outline  of  this  surface,  therefore,  will  depend  on 
the  form  of  the  object,  the  number  of  surfaces  intersected  by 
the  plane,  and  the  angle  of  inclination  of  the  cutting  plane. 

To  project  the  views  of  a  solid  in  which  a  new  surface  is 
thus  presented,  it  is  necessary  to  consider  the  various  sur- 
faces that  originally  composed  the  solid.  The  first  view 
drawn  is  always  that  in  which  the  cutting  plane  is  repre- 
sented as  on  edge.    The  intersections  of  the  original  surfaces 
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of  the  solid  with  the  cutting  plane  are  thus  shown;  and 
by  using  methods  of  projection  already  presented,  any  view 
of  the  section  may  then  be  drawn.  Those  portions  of 
the  solid  assumed  to  have  been  removed  are  not  shown  in  a 
section  drawing,  although  their  position  is  sometimes  indi- 
cated by  dotted  lines. 

77.  Sections  of  the  Sphere. — The  solid  that  presents 
the  most  simple  illustrations  of  sections  is  \.\i^  sphere,  or  globe. 
This  solid,  also  called  a  ball,  is  such  as  would  be  generated  by 
the  revolution  of  a  circle  around  its  diameter  as  an  axis. 

The  cylinder,  cone,  and  sphere  are  sometimes  called  the 
"three  round  bodies,"  or  the  soHih  of  revolution.  It  will  be 
shown  later  that  their  imaginary  formation  by  such  revolution 
may  be  taken  advantage  of  by  practical  short  methods  of  pro- 
jection, the  principles  of  which  are  based  on  this  knowledge. 

A  full  view  of  any  section  of  a  sphere  is  a  circle.  If  the 
cutting  plane  passes  through  the  center  of  the  sphere,  the 
full  view  of  the  section  is  a  circle  whose  diameter  is  the  same 
as  the  diameter  of  the  sphere — or  the  great  circle  of  the 
sphere,  as  it  is  called.  If  the  cutting  plane  intersects  the 
sphere  in  any  other  way,  the  section  is  still  a  circle,  but  of 
smaller  diameter,  and  is  measured  from  a  view  in  which 
the  cutting  plane  is  shown  on  edge. 

78,  Sections  o( 
drawing  of  the  cube 
referred  to  in  ■  for- 
mer illustrations 
and  shows  a  vertical 
section.  It  will  be 
noticed  that  the 
view  of  the  section 
in  the  elevation  is 
the  same  as  the 
view  in  the  front 
elevation  in  Fig.  ^3. 
This  is  always  the 
case      in      sections 
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of  the  solid  with  the  cutting  plane  are  thus  shown;  and 
by  using  methods  of  projection  already  presented,  any  view 
of  the  section  may  then  be  drawn.  Those  portions  of 
the  solid  assumed  to  have  been  removed  are  not  shown  in  a 
section  drawing,  although  their  position  is  sometimes  indi- 
cated by  dotted  lines. 

77,  Sections  of  the  Sphere. — The  solid  that  presents 
the  most  simple  illustrations  of  sections  is  the  sphere,  or  globe. 
This  solid,  also  called  a  ball,  is  such  as  would  be  generated  by 
the  revolution  of  a  circle  around  its  diameter  as  an  axis. 

The  cylinder,  cone,  and  sphere  are  sometimes  called  the 
"three  round  bodies,"  or  the  solids  of  revolution.  It  will  be 
shown  later  that  their  imaginary  formation  by  such  revolution 
maybe  taken  advantage  of  by  practical  short  methods  of  pro- 
jection, the  principles  of  which  are  based  on  this  knowledge. 

A  full  view  of  any  section  of  a  sphere  is  a  circle.  If  the 
cutting  plane  passes  through  the  center  of  the  sphere,  the 
full  view  of  the  section  is  a  circle  whose  diameter  is  the  same 
as  the  diameter  of  the  sphere — or  the  great  circle  of  the 
sphere,  as  it  is  called.  If  the  cutting  plane  intersects  the 
sphere  in  any  other  way,  the  section  is  still  a  circle,  but  of 
smaller  diameter,  and  is  measured  from  a  view  in  which 
the  cutting  plane  is  shown  on  edge. 

78.  Sections    of 

drawing  of  the  cube 
referred  to  in  for- 
mer illustrations 
and  shows  a  vertical 
section.  It  will  be 
noticed  that  the 
view  of  the  section 
in  the  elevation  is 
the  same  as  the 
view  in  the  front 
elevation  in  Fig.  tZ. 
This  is  always  the 
case      in      sections 
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of  regular  prisms  where  the  cutting  plane  is  parallel  to 
the  ends  of  the  prism.  Fig.  31  represents  a  diagonal 
section  of  the  cube,  the  measurements  of  which  will  be 
apparent  to  the  student  from  an  inspection  of  the  drawing. 
Fig.  32  is  an  oblique  section,  in  which  but  three  sides  of  the 
cube  are  intersected  by  the  cutting  plane;  in  this  figure, 
the  full  view  of  the  sectional  surface  is  projected.  Fig.  33 
represents  a  section  taken  at  a  still  different  angle  and  posi- 
tion of  the  cube.  When  a  cutting  plane  passes  through  a  solid 
having  parallel  sides,  in  any  direction  that  causes  it  to  inter- 
sect both  of  those  parallel  sides,  those  sides  are  shown  in  any 


viezv  by  parallel  lines.  Note  that  in  the  sectional  views  of 
Fig.  33  the  opposite  edges  of  the  surfaces  are  defined  by 
parallel  lines;  thus,  since  A  B  and  C  D  are  parallel  to  each 
other  in  the  plan  of  the  cube  in  Fig.  33.  so  A'  B'  and  CD' 
are  in  the  same  relation  to  each  other  in  the  side  elevation; 
also,  A" B"  and  CD"  in  the  full  view  of  the  section.  The 
same  is  also  true  of  A  C  and  B  D,  as  may  be  seen  from  a 
comparison  of  the  views. 

79.     How  the  Ciittiiitr  Plane  Is  Rcpre!=ented. — When 
the    cutting    plane     is    shown    on    edge    in    a    view,    it    is 
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usually  indicated  by  the  same  kind  of  a  broken-and-double- 
dotted  line  used  for  the  center  line  and  the  axial  line.  The 
use  of  this  line  for  these  three  purposes  is  somewhat  puzzling 
to  the  beginner;  but  as  the  student  is  now  able  to  read  pro- 
jection drawings,  he  can  readily  determine  which  purpose 
the  line  is  intended  to  serve.  It  is  customary,  however,  as 
already  mentioned,  when  center  and  axial  lines  are  used,  to 
mark  them  as  such  by  neat  lettering.  A  section  line  in  a 
complicated  drawing  is  usually  designated  by  a  letter  placed 


Pig.  33 

at  each  end  of  the  line,  to  which  reference  is  made  in  the 
following  manner:  If,  in  the  view  where  the  cutting  plane 
appears  as  a  line,  it  is  lettered  A-B,  the  full  view  of  the 
section  is  designated  as  a  ** section  on  the  line  A-B." 

80.  The  problems  for  this  plate,  of  which  there  are 
four,  consist  of  the  projection  of  the  section  drawings 
indicated  in  the  accompanying  illustrations.  They  are  to  be 
reproduced  on  the  plate  by  the  student  to  the  dimensions 
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given  on  each  figure.  The  cutting  plane  is  indicated  by  the 
line  A-B,  and  the  views  shown  may  be  understood  by  a  care- 
ful study  of  the  figures  on  the  plate  illustrating  each  problem. 
The  direction  of  a  certain  line  in  each  plan  is  changed  in  these 
views,  and  the  cross-section  is  accordingly  represented  as 
foreshortened  in  the  front  and  side  elevations.  A  view  is 
also  to  be  projected  in  which  a  full  view  of  the  sectional 
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surface  will  be  seen.  The  plate  is  to  be  divided  into  four 
equal  spaces  by  horizontal  and  vertical  lines.  Problem  16 
is  to  occupy  the  upper  left-hand  space. 

The  student  is  recommended  not  to  refer  to  the  reduced 
copy  of  the  plate  iiKirc  fre»|uently  than  is  necessary  to  enable 
him  to  fix  the  location  of  the  views  on  the  drawing;  he  should 
learn  to  depend  on  his  own  knowledge  of  projection. 
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PROBLEM    16 

81.  To  project  sectional  views  of  an  octag^onal 
prism,  the  cutting  x>lane  crossing:  the  solid  at  an 
obllcine  an^le  and  leaving  a  portion  of  the  upx>er 
surface   Intact. 

^Explanation. — The  position  of  the  prism  and  the  angle  of 
the  cutting  plane  is  shown  in  Fig.  34.  This  figure  is  to  be 
drawn,  as  at  (a)  in  the  left-hand  portion  of  the  space,  to  the 
size  required  by  the  dimension  figures.  The  plan  is  then 
copied  to  the  right,  as  at  (d),  but  in  a  relatively  different 
position,  as  will  be  seen  by  the  arrangement  of  the  letters 
and  the  direction  of  the  line  CD.  Thus,  the  edge  a,  which 
in  the  plan  of  (a)  is  on  the  extreme  left  of  the  figure,  occu- 
pies a  position  nearer  the  lower  part  of  the  drawing  in  the 
plan  at  {d).  This  shifting  of  position  of  the  plan  may  be 
effected  by  describing  circles  circumscribing  the  octagons 
and  drawing  the  diameter  CD  at  an  angle  of  30°  to  V  P,  as 
shown  in  the  plan  at  (a).  This  diameter  is  then  drawn  in 
a  vertical  position  in  the  second  plan  (^),  after  which  the 
arc  D  a,  as  measured  on  the  first, 
mav  be  set  off  with  the  dividers  on 
the  second,  plan.  The  projections 
of  the  front  and  side  elevations  are 
then  made  in  the  regular  way.  The 
projection  of  the  full  view  is  accom- 
plished by  drawing  projectors  at  right 
angles  to  the  cutting  plane  A  B,  At 
a  convenient  distance,  as  shown 
at  (r),  draw  the  center  line  a"  j'\  and 
from  this  line  set  off  with  the  dividers 
the  distances  from  the  line  ^  ^  as 
found  in  the  first  plan.  As  similar 
positions  have  corresponding  letters 
in  the  different  views  on  the  plate, 
the  student  will  have  no  difficulty  in 
recognizing  the  method  of  transfer, 
it  being  the  same  as  that  mentioned 
in  Art.  53.     Observe  that  the  sides  of  the  section  b'  c'  and 
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g'  o',  and  b"  c"  and  g"  o" ,  are  parallel  in  every  view  shown, 
since  the  sides  b  c  and  go{f)  are  parallel,  as  shown  in  the 
plan  of  the  solid.  The  same  is  true  of  hga.aAco  (</),  as  seen 
at  h" g"  and  c"  o"  in  (ir)  {see  Art.  78). 

The  student  will  finish  the  drawing  on  the  plate  in  as 
complete  a  manner  as  in  the  drawing  of  the  cube  in  Fig.  30, 
but  omitting  all  reference  letters.  The  surface  of  all  sec- 
tions in  each  view  is  to  be  cross-hatched,  as  in  Figs,  30-33. 


PROBLEM    17 

82.  To  project  sectional  views  or  a  hexa^ronal 
pyramid. 

The  dimensions  and  position  of  the 
pyramid  and  the  angle  of  the  cutting 
plane  are  indicated  in  Fig,  35,  Any  sec- 
tion of  a  pyramid  taken  at  right  angles 
to  the  axis  of  the  solid  is  a  polygon 
having  an  outline  similar  to  the  base 
of  the  pyramid.  The  polygon  repre- 
senting the  section  of  any  pyramid 
thus  intersected  varies  in  size  as  the 
cutting  plane  passes  through  the 
pyramid  at  a  point  on  the  axis  nearer 
the  base  or  the  vertex  of  the  pyra- 
mid. If  the  cutting  plane  passes 
through  the  vertex  and  the  base, 
or  through  two  sides  and  the  base  of 
the  pyramid,  the  section  is  a  triangle, 
Flo.  85  Any  other  section  is  a  polygon  having 

sides  unequal  in  length,  but  equal  in  number  to  the  sides  of 
the  polygon  forming  the  base  of  the  pyramid. 

Explanation. — The  prujections  of  this  solid  and  its  sec- 
tions do  not  differ  matt'rially  from  those  of  the  preceding 
problem.  The  change  of  position  in  the  two  plans  is  accom- 
plished by  means  of  the  circumscribing  circle,  the  diameter 
in  the  first  plan  being  drawn  at  an  angle  of  45°  and  the 
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arc  C  a  being  measured  in  a  similar  manner.  This  drawing 
may  be  more  accurately  made  if  the  edges  of  the  pyramid 
are  continued  by  dotted  lines  to  the  vertex  O  in  the  front 
elevations,  as  shown  on  the  plate.  A  comparison  of  the 
reference  letters  in  the  different  views  on  the  plate  will  assist 
the  student  in  the  work  of  drawing  these  projections,  as  each 
line  shown  is  similarly  lettered  in  all  views. 


PROBLEM    18 

83.     To  project  sectional  views  of  a  cylinder. 

The  cylinder  possesses  some  points  of  similarity  to  the 
regular  prism  with  respect  to  its  section,  viz. ,  a  section  par- 
allel to  its  ends  has  the  same  outline 
as  the  ends,  while  a  section  parallel 
to  its  axis  is  a  parallelogram.  An 
oblique  section  of  the  cylinder  is,  how- 
ever, as  will  be  observed  during  the 
projection  of  this  problem,  an  ellipse ; 
and  it  will  further  be  noted  that  a 
certain  view  of  an  ellipse  is  a  circle.       y^      ^ 

Explanation. — The  position  of 
the  cylinder  and  the  angle  of  the 
cutting  plane  is  shown  in  Fig.  36. 
Make  the  edge  a-a^  of  the  elevation 
at  (a)  ^Y  i"ch  long.  The  plan  of  the 
cylinder  is  first  divided  into  an  equal 
number  of  spaces  (in  this  case  12), 
the  points  being  lettered  a^  b,  r,  etc., 
as  shown  on  the  plate.  These  points 
are  then  assumed  to  represent  edges,  as  in  the  case  of 
the  octagonal  prism,  and  are  projected  to  the  elevation, 
their  respective  positions  there  being  indicated  by  similar 
letters;  thus,  the  edge  ^-^' in  the  elevation  represents  the 
edge  a  as  shown  on  the  plan.  The  change  of  position  in 
the  second  plan  is  effected  by  drawing  the  vertical  diam- 
eter If,  which  is  shown  as  CD  in  the  first  plan  at  an  angle 
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of  30°  to  V  P.  The  position  of  all  points  is  then  noted  in  a 
manner  similar  to  the  two  preceding  problems  and  the  pro- 
jections are  completed  as  heretofore.  After  tracing  the 
curve  of  the  ellipses  through  the  points  located  in  the  differ- 
ent views,  the  sections  are  indicated  by  cross-section  lines, 
as  before  directed. 


PROBLEM    19 

84.  To  project  views  of  an  Irregrularly  formed 
solid;  also,  to  project  a  sectional  viewr  fW>m  a  given 
cutting  plane. 

Explanation. — This  solid,  shown  in  perspective  in  Fig.  37, 
may  be  described  as  a  transition  piece,  that  is,  a  form  used 
to  connect  openings  or  outlines  unlike  in  shape.  Such 
solids  are  frequently  used  in  the  sheet-metal  trades, 
particularly  in  boiler  and  pipework.  The  dimensions  of 
this  solid  are  better  shown  in  the  projection  at  Fig.  38. 
Its  upper  base  is  a  circle  1^  inches  in  diameter,  while  the 
lower  base  is  an  oval,  which 
may  be  drawn  by  the  method 
shown  in  Geometrical  Draw- 
ing, The  end  circle  of  the 
lower  base  is  described  with 
a  radius  of  1  inch  from  a  cen- 
ter located  at  B,  Fig.  38,  the 
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distance  between  the  centers  of  the  upper  and  lower  bases, 
as  measured  on  the  plan  between  A  and  />,  Fig.  38,  being 
f  inch.     The  vertical  height  of  the  solid  is  1^  inches. 
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The  plan  and  front  and  side  elevations  are  drawn  as 
shown  on  the  plate,  and  since  the  methods  of  projection 
are  no  different  from  preceding  problems  representing 
regular  solids,  definite  instructions  for  this  work  are 
omitted.  Particular  attention  is  directed  to  the  method 
of  finding  the  outline  of  the  section,  as  its  application  to 
various  process.es  of  patterncutting  is  of  great  importance. 
The  direction  of  the  cutting  plane  is  shown  in  the  side 
elevation  at  (a)  by  the  line  A  B  on  the  plate.  The  plan" 
and  elevation  is  to  be  redrawn  on  the  plate  in  the  position 
shown  thereon  at  {b),  and  the  full  view  of  the  section  is 
projected  towards  the  upper  part  of  the  drawing.  As  it  is 
desired  to  show  a  section  through  a  certain  portion  of  this 
solid,  it  is  first  necessary  to  locate  a  number  of  points  on 
the  line  that  represents  the  cutting  plane.  Since  the  solid 
presents  no  edges  that  intersect  this  plane,  a  number  of  lines 
are  to  be  assumed  as  drawn  on  the  curved  surface  of  the  solid. 

Construction. — First  draw  a  horizontal  line  through  the 
central  portion  of  the  plan,  as  ;;/  ;/  in  the  drawing  on  the 
plate;  this  divides  the  figure  into  symmetrical  halves. 
Next,  by  spacing,  divide  the  outline  of  each  base  into  the 
same  number  of  equal  parts,  as  at  a^  b,  c,  etc.  on  the  upper 
base  and  /,  (/,  r,  etc.  on  the  lower  base.  Project  the  points 
thus  located  to  the  elevation  and  draw  connecting  lines  in 
both  views,  as  shown.  Across  the  elevation  draw  the  line  CD, 
representing  the  cutting  plane,  and  project  the  intersections 
of  this  line  at  i,  2,  S,  etc.  to  the  plan,  producing  each  line 
thus  drawn  until  it  meets  the  horizontal  line  ;//  //.  The  full 
view  of  the  sectional  surface  may  now  be  drawn  as  follows: 
Draw  projectors  vertically  upwards  from  the  points  i,  ^^  3, 
etc.  in  the  elevation,  and  at  a  convenient  height  from  that 
view  draw  the  horizontal  line  ///'  ;/'.  The  width  of  the  sur- 
face, as  measured  on  each  line,  may  now  be  set  off  with  the 
dividers,  as  directed  in  Art.  5iJ;  thus,  take  the  space  x  y 
from  the  plan  and  transfer  it  to  corresponding  positions 
at  x'  y'  x'  on  the  same  line  in  the  full  view.  Transfer,  in 
like  manner,  the  length  of  each  vertical  dotted  line  shown 
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in  the  plan  to  the  full  view  and  trace  an  irregular  curve 
through  the  points  thus  located,  completing  the  projection. 
This  curve  may  also  be  traced  through  the  plan  and  there 
indicated  by  short  cross-hatching,  while  the  full  view  of  the 
sectional  surface  is  designated,  as  heretofore,  by  cross-sec- 
tion lines  in  the  manner  shown  on  the  plate. 

85.     Practical  Methoil  of  Represent liitr  Certain  Sec- 
Uons. — In  working  drawings,  particularly  those   made  for 


r 
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the  execution  of  sheet-metal  work,  a  section  drawing  is 
often  made  directly  over  another  view,  and  the  lines  indi- 
cating the  section  arc  distinguished  by  short  cross-hatching, 
as  shown  on  the  plate  In  the  plan  of  the  preceding  problem. 
Short  portions  of  sectional  views  are  also  frequently  shown 
in  this  way  un  working  drawings,  in  order  to  indicate  the 


form,  or  profile,  of  moldings,  the  different  planes  of  adjacent 
surfaces,  or  the  different  levels  at  which  certam   notations 
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are  made.  Thus,  in  Fig.  39,  which  shows  a  gable  finish, 
the  section  at  A  is  the  profile,  or  **stay,'*  of  the  molding, 
while  the  section  at  B  indicates  that  the  panel  shown  is  a 
S7ink  panel. 

In  detail  drawings  (mere  projections  drawn  full  size)  for 
decorative  sheet-metal  work,  sections  are  frequently  shown 
at  different  portions  of  the  drawing,  as  in  Fig.  40,  an 
inspection  of  which  will  enable  the  student  fully  to  compre- 
hend the  character  of  the  various  parts  without  the  aid  of 
another  view.  Sections,  therefore,  properly  understood  and 
used,  may  be  employed  by  the  draftsman  in  many  ways, 
and  are  frequently  a  means  of  shortening  the 
labor  of  drawing  intricate  projections. 

The  lines  representing  the  sides  of  the 
octagonal  shaft  in  Fig.  41  are  broken  in  the 
lower  part  of  the  figure,  this  being  a  means 
of  indicating  that  the  full  length  is  not  shown 
in  the  drawing.  Reference  to  the  dimension  J 
figures  gives  the  reason,  it  being  obviously 
unnecessary  to  make  a  drawing  extending 
the  full  length  of  a  simple  form. 
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DRAWING    PLATE,    TITLE: 
SECTIONS   II 

86.  Conic  Sectloii.s. — The  divisions  on 
this  plate  are  the  same  as  on  the  preceding 
plate.  The  two  problems  to  be  constructed 
are  those  relating  to  sections  of  the  cone.  Besides  their 
use  in  many  calculations  of  the  arts  and  higher  sciences, 
conic  sections  are  of  great  value  to  the  architectural  and 
mechanical  draftsman,  for  the  curves  thus  developed  pos- 
sess great  beauty  and  symmetry,  and  when  used  in 
moldings  present  pleasing  architectural  effects  of  light  and 
shade. 

The  full  view  of  the  section  of  a  regular  cone  made  by  a 
cutting  plane  parallel  to  its  base  is  a  circ/e ;  if  the  cutting 
plane  passes  through  the  vertex  and  the  base  of  the  cone, 
the   section    is  a  triangle ;    if  the   cutting   plane  is  at  an 
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oblique  angle  to  the  base,  which  angle  is  less  than  the  angle 
made  by  the  elements  of  the  cone  with  the  base,  the  section 
is  an  ellipse ;  if  the  cutting  plane  is  parallel  to  any  line 
drawn  on  the  convex  surface  of  the  cone  from  the  base  to 
the  vertex — that  is,  parallel  to  any  element  of  the  cone — the 
section  is  a /(7rff^c/(i ,-  if  the  cutting  plane  is  at  any  angle 
(but  not  passing  through  the  vertex  of  the  cone)  greater 
than  the  angle  which  the  elements  of  the  cone  make  with 
the  base,  the  section  is  an  hyperbola. 


87.  Elements  of  tlie  Cone. — In  the  construction  of 
Problem  19,  where  it  was  desired  to  project  a  section  of  a 
solid  whose  curved  surface  presented  no  edges,  it  was  found 
necessary  to  assume  lines  on  that  surface  in  order  to 
establish    points  of   intersection    with    the   cutting    plane. 

ji  This    process    must    be     followed 

with  all  solids  whose  surfaces  are 
curved,  and  in  the  case  of  the 
cone  the  lines  thus  assumed  have 
a  further  use,  as  will  appear  later. 
The  manner  in  which  these  lines 
are  located  on  the  surface  of  the 
regular  cone  is  of  special  impor- 
tance and  is  as  follows:  The  out- 
TC  line  of  the  base  in  the  pjaii  is  first 
I  divided  by  spacing  it  into  a  number 
of  equal  parts  {Ifi  in  the  plan  of 
Fig.  4:J).  The  points  thus  located 
are  then  projected  to  a  view  in 
which  the  cone  is  represented  as  in 
the  elevation  of  Fig.  42 — that  is,  a 
right  view^ — and  lines  are  then 
drawn  from  these  points  to  the 
vertex.  They  are  also  shown  on 
the  plan  in  the  same  relation, 
'''"■  ^  each   line  being    represented    as  a 

radius  of  the  circle  at  the  base  of  the  cone.     These  lines  are 
called  the  elements  of  the  cone. 
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In  such  a  view  of  a  cone  as  presented  in  the  elevation  of 
Fig.  42,  only  two  of  these  elements  (viz.,  A  B  and  A  C^  can 
be  shown  in  their  true  length — all  the  others  are  foreshort- 
ened. This  must  be  borne  in  mind  by  the  student,  for  it 
is  evident  that  only  on  such  lines  as  are  shown  in  their  true 
length  can  measurements  be  obtained  for^  any  points  of 
intersection.  Those  points  that  are  located  on  foreshort- 
ened elements  are  determined  in  a  particular  way,  as  will 
appear  during  the  construction  of  the  following  problem. 

The  plan  and  front  and  side  elevations  and  the  full  view 
of  the  section  for  each  problem  and  case  are  to  be  drawn 
on  this  plate  in  the  same  corresponding  relation  as  on  the 
preceding  plate. 


PBOBUSM  20 

88.     To  project  sectional  views  of  a  cone. 

The  three  cases  of  this  problem  should  be  carefully  stud- 
ied by  the  student,  for  oh  the  application  of  the  principles 
here  shown  depend  nearly  all  operations  of  pattern  drafting 
that  relate  to  so-called  flaring  work.  A  clear  conception  of 
the  methods  used  will  be  found  indispensable  to  the  drafts- 
man that  desires  to  become  proficient  in  his  work.  An 
effort  should  be  made  on  the  part  of  the  student  to  trace 
each  operation  to  its  fundamental  principle,  when  it  will  be 
discovered  that  the  drawing  practically  resolves  itself  into 
a  continuation  of  problems  relating  to  the  true  lengths  of 
foreshortened  lines.  Since  such  problems  have  occupied 
his  attention  during  the  drawing  of  the  earlier  plates,  he 
should  have  no  difficulty  in  following  the  constructions  here 
given. 

Case  I. —  When  the  cutting  plane  is  oblique  to  the  base 
and  intersects  all  the  elements  of  the  cone. 

The  position  of  the  cone,  its  dimensions,  and  the  angle  of 
the  cutting  plane  dre  shown  in  Fig.  42. 

Construction. — Draw  a  right  plan  and  elevation  and 
represent  the  cutting  plane  m  n  (see  plate)  by  a  line  drawn 
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at  an  angle  of  45°  with  B  C,  cutting  A  B  ^  inch  from  B. 
Divide  the  circle  that  represents  the  outline  of  the  base  of 
the  cone  into  any  convenient  number  of  equal  parts  (in  this 
case  16).  Draw  lines  from  these  points  (^,  1,  2,  3,  etc.)  to 
the  center;  next,  project  these  lines— or  elements^  as  they 
are  called — to  the  elevation.  Project  the  intersections  of 
the  elements  in  the  elevation  with  the  cutting  plane  fn  n 
to  the  corresponding  elements  in  the  plan  and  trace  a  curve 
through  the  points  thus  obtained. 

Attention  is  called  to  the  fact  that,  although  the  distances 
between  the  points  found  in  this  manner  are  unequal,  yet 


the  foreshortened  view  of  the  sectional  surface  thus  shown 
in  the  plan  is  a  true  ellipse,  as  is  also  the  full  view  of  the 
section  next  to  be  drawn.  Project  a  side  elevation  to  the 
right  (see  Art.  61),  also  showing  a  foreshortened  view  of 
the  section — an  ellipse  of  a  different  curvature. 

fuse  II. —  \V/icii  the  cutting  plane  is  parallel  to  one  of  the 
elements,  the  seetion  being  in  this  ease  a  paraliola. 
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Explanation. — Fig.  43  is  a  right  plan  and  elevation, 
giving  the  dimensions  of  the  cone.  The  cutting  plane  ;//  n 
is  in  this  case  parallel  to  the  side  A  B  of  the  cone  and 
cuts  B  C  i  inch  from  B.  The  method  of  drawing  these  pro- 
jections is  precisely  similar  to  that  in  the  preceding  case, 
and  since  corresponding  points  are  similarly  designated  in 
the  different  views  shown  on  the  plate,  the  student  should 
experience  no  difficulty  in  completing  the  drawing. 

Case  III. —  IV/ien  the  cutting  plane  is  perpendicular  to  the 
base  of  the  cone^  the  section  being  an  hyperbola. 

Explanation. — To  produce  that  section  of  the  cone 
known  as  the  hyperbola,  the  cutting  plane  may  form  with 
the  base  any  angle  included  between  a  right  angle  and  the 
angle  formed  by  an  element  with  the  base  (as  the  angle  ABC, 
Fig.  44).  The  dimensions  and  position  of  the  cone  and 
the  cutting  plane  are  shown  in  Fig.  44,  and  since  the 
method  of  projection  is  the  same  as  in  the  two  preceding 
cases,  the  student  may  complete  the  views  without  further 
instruction.  In  this  case,  the  projection  of  a  separate  full 
view  may  be  omitted,  the  latter  being  shown  in  the  side 
elevation. 


PROBLEM  21 

89.     To  project  sectional  views  of  a  scalene  cone. 

Explanation. — This  solid,  which  is  of  varied  form  and 
of  frequent  occurrence  in  the  metal  trades,  is  an  irregular 
geometrical  figure.  It  is  a  cone  whose  axis  is  inclined  to  its 
circular  base.  All  the  elements  of  a  regular  cone  are  of  equal 
length,  but  the  elements  of  a  scalene  cone  are  necessarily 
of  variable  length,  for,  since  its  axis  is  inclined  towards  a 
portion  of  the  base,  the  elements  in  that  part  of  the  surface 
must  be  shorter.  It  is  to  be  noted  in  this  case  that  the  axis 
of  the  cone  shown  in  Fig.  45  does  not  pass  through  the 
center  of  the  circle  that  represents  the  base  of  the  solid. 

Construction. — To  reproduce  this  drawing  on  the  plate, 
draw   first   the    horizontal  line  ^^  in  the   plan   3|    inches 
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long,  as  called  for  by  the  dimension  figures  in  Fig.  45;  next, 

describe  the  circle  bSc 
%\  inches  in  diameter 
from  a  center  located 
on  the  line  ba^  its  circum- 
ference passing  through 
the  point  b.  Project  the 
elevation  according  to 
the  dimensions  given  in 
Fig.  45.  The  axial  line  is 
next  drawn;  bisect  the 
angle  B  AC  and  draw  the 
bisector  A  0\  represent 
the  cutting  plane  vi  n  by 
a  line  drawn  perpendicular 
to  A  O  and  cutting  A  C 
I  inch  from  C. 

The  method   of   projec- 
tion for  the  various  views 
Fig.  46  of  this   solid    is  the  same 

as  in  former  cases;  that  is,  divide  the  outline  of  the 
base  in  the  plan  into  a  convenient  number  of  spaces 
(12  in  this  problem),  and  from  points  thus  located  draw 
the  elements  to  the  apex  a  (see  plate).  Next,  project 
these  elements  to  the  elevation  and  finally  project  their 
intersections  with  the  cutting  plane  to  the  different  views,  as 
shown  in  the  drawings  on  the  plate.  Note  that  the  full 
view  of  the  section,  which  in  this  problem  is  taken  at  right 
angles  to  the  axis  of  the  solid,  is  an  ellipse.  If  the  cone 
were  in  an  upright  position — that  is,  with  its  base  at  right 
angles  to  the  axis  (as  that  part  of  the  cone  above  the  cut- 
ting plane  in  Fig.  45) — the  solid  would  be  termed  an 
**  elliptical "  cone.  This,  strictly,  is  not  a  geometrical 
solid,  but  its  characteristics  in  projection  drawing  are  some- 
what similar  to  the  regular  cone,  although  the  elements  in 
each  quarter  of  the  base  are  always  of  unequal  length. 

The  student  should  now  be  able  to  project   any   sections 
that  may  be  desired. 


-iS^K^Af/i^^j: 


TIDNS-I 


JOHN  SMITH, Cl-A^S  JJ245 


§16  PRACTICAL    PROJECTION  87 

DRAWTN^G   PliATE,  TITIiE:    INTERSECTIONS    I 

90.  The  Miter  Line. — To  represent  properly  the  inter- 
sections of  the  surfaces  of  solids — or  to  **draw  the  miter 
line,"  as  it  is  commonly  called — is  the  final  process  of  pro- 
jection. It  has  already  been  remarked  that  plane  surfaces 
intersect  in  a  line  ;  the  representation  of  the  intersection 
of  plane  surfaces  is  therefore  a  very  simple  process, 
the  draftsman  merely  having  to  define  each  surface  by 
the  application  of  the  regular  projection  methods  already 
explained.  The  intersection  of  curved  surfaces  is  appar- 
ently more  complicated,  but  only  because  it  is  necessary  to 
locate  a  greater  number  of  points  than  are  required  for  the 
intersection  of  plane  surfaces.  The  location  of  points  for 
the  representation  of  the  intersection  of  curved  surfaces  is 
done  in  a  manner  somewhat  similar  to  that  already  shown 
in  connection  with  the  projection  of  plane  surfaces  having 
curved  outlines.  There  is,  however,  this  important  differ- 
ence to  be  observed :  in  the  case  of  the  surfaces  mentioned, 
their  projection  is  accomplished  by  means  of  points  located 
on  their  outlines;  while  in  the  case  of  the  intersection  of 
curved  surfaces,  it  is  necessary  to  locate  lines  in  such  posi- 
tions on  each  surface  that  they  will  lie  in  the  same  plane, 
although  drawn  on  different  surfaces.  It  is  possible  to  locate 
a  number  of  these  lines  in  such  positions  on  the  drawing  that 
through  their  points  of  intersection  a  curve  may  be  traced 
that  will  be  the  correct  line  of  intersection  of  the  surfaces. 

91.  Relation  of  the  Miter  Line  to  the  Pattern. — No 

drawing  of  an  object  in  which  intersected  solids  are  repre- 
sented is  complete  unless  the  line  of  intersection  is  accu- 
rately produced.  This  is  a  very  important  part  of  the 
drawing,  and  the  correct  **fit"  of  the  pattern  in  work  of 
this  class  often  depends  entirely  on  the  accuracy  with  which 
the  line  of  intersection  is  drawn.  In  fact,  a  development,  or 
pattern,  cannot  be  made  until  the  drawing  is  complete  in 
this  particular.  The  principles  governing  the  use  of  these 
lines  are  clearly  shown  in  the  explanation  accompanying 
the  problems,  which  the  student  should  study  carefully;  for 
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if  he  thoroughly  comprehends  the  principles  governing 
their  use  and  exercises  due  care  to  see  that  lines  are  drawn 
from  the  same  corresponding  points  in  each  view,  he  will 
have  no  difficulty  in  producing  the  correct  lines  of  intersec- 
tion for  the  surfaces  of  the  solids  represented  on  these 
plates,  or,  in  fact,  for  the  surfaces  of  any  solid.  The  prob- 
lems for  this  plate  consist  of  the  projection  of  intersecting 
solids  having  plane  surfaces.  The  solids  are  shown  in  per- 
spective in  the  illustrations  accompanying  each  problem, 
and  reference  to  the  projections  on  the  plate  will  be  suffi- 
cient to  show  the  method  of  finding  the  lines  of  intersection. 


PROBLEM  St 

93,     To  project  vie\rs  of  intersecting;  prisms. 

When  the  plane  or  curved  surfaces  of  any  solid  so  inter- 
sect as  to  present  one  continuous  surface — that  is,  so  that 
the  surfaces  meet  "edge  and  edge"  in  the  same  plane — no 
line  of  intersection  is  necessary,  since  such  surfaces  are 
relatively  in  (and  a  part  of)  the  same  plane.  When,  how- 
ever, the  surfaces  of  one  solid  intersect  a  central  portion  of 
the  surface,  or  surfaces,  of  another  solid,  it  is  necessary  that 
the  line  of  intersection — that  is,  the  boundary  lines  of  the  sur- 
faces of  the  intersecting  solid — should  be  accurately  drawn. 
Case  I. —  ITAcH  the  axis  of  the  prisms  interseet  at  an 
angle  of  90". 

Explanation. — The  solids  for  the  projection  of  this  prob- 
lem are  shown  in  perspective  in  Fig.  4fi,  which  represents 
also  their  position  in  the  intersection  of 
Case  I.     The  figure  consists  of  an  up- 
right shaft  in  the  form  of  a  quadrangu- 
lar prism  with   a  horizontal   octagonal 
1'^  prism  intersecting,   or    ■"mitering,"    at 
right  angles  along  the  axial  lines  of  the 
two   solids.      The    projection    and    ar- 
rangement of  the  solids  is  seen  in  the 
drawings  for  this  problem  on  the  plate. 
p,(;_  4S  It  will   be   noticed   that   the   octagons 
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drawn  in  dotted  lines  in  the  figure  do  not  form  a  part  of  the 
finished  drawing,  but  are  thus  drawn  to  facilitate  the  pro- 
jection, as  the  edges  of  the  solids  may  thus  be  determined 
before  the  side  view  is  drawn.  It  is  often  convenient  to 
place  portions  of  views  temporarily  on  the  drawing  in  this 
manner,  as  much  labor  is  thereby  saved.  The  plan  is  com- 
pleted first  and  the  remainder  of  the  drawing  finished  in  the 
usual  way,  as  may  be  seen  from  the  reduced  copy  of  the 
plate.  It  is  thus  shown  that  the  correct  line  of  intersection 
is  found  by  simple  methods  of  projection,  the  position  of 
the  points  in  the  line  being  determined  by  projection  from 
the  different  views. 

Construction. — Draw  the  plan  ABC  D  in  its  proper 
position,  as  shown  on  the  plate,  and  next  construct  the 
elevation  A  A'  C  C\  thus  completing  the  projection  of  the 
quadrangular  prism  as  though  that  solid  alone  were  to  be 
represented.  Draw  a  horizontal  axial  line  (not  shown  on 
the  plate)  for  the  octagonal  prism  through  both  views,  and 
at  the  left  of  the  views  thus  drawn  construct  a  full  view  of 
the  end  of  the  octagonal  prism,  as  shown  by  the  octagons 
in  dotted  lines  on  the  plate.  Next,  draw  the  lines  that  rep- 
resent the  edges  of  the  octagonal  prism  in  both  views. 
From  the  points  of  intersection  of  such  lines  in  the  plan 
with  the  edges  A  B  and  A  D  of  the  quadrangular  prism, 
draw  primary  projectors  to  corresponding  lines  in  the  eleva- 
tion. Draw  connecting  lines  through  the  points  of  inter- 
section thus  determined  in  the  elevation,  as  shown  at  a  b'  c'  d' 
on  the  plate.  This  completes  the  projection  of  that  view ; 
the  side  elevation  may  then  be  projected  by  means  of  sec- 
ondary projectors,  as  in  former  problems. 

This  plate  is  divided  in  the  same  manner  as  the  preceding 
plate,  and  the  projections  for  this  case  are  drawn  in  the 
upper  left-hand  space. 

Case  II. —  When  the  axes  intersect  at  an  oblique  angle. 

This  projection  is  completed  as  shown  on  the  plate.  In 
this,  as  in  the  preceding  case,  the  plan  is  first  drawn ;  but 
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before  it  can  be  completed,  a  portion  of  the  elevation  has  to 
be  drawn  in  order  to  determine  the  outline  of  the  octagonal 
surface  in  the  plan  (Problem  6). 

Construction. — First  draw  the  outline  A  BCD  in  the 
plan  and  then  construct  the  octagon  shown  in  dotted  lines 
at  (^),  from  the  points  of  which  draw  horizontal  lines  to  the 
plan  of  the  quadrangular  prism,  in  the  manner  shown. 
Next  draw  the  elevation  of  the  quadrangular  prism  and 
locate  the  point  x  midway  on  the  line  A  A' ;  the  angle  of 
inclination  of  the  octagonal  prism  is  in  this  case  45°,  and  a 
line  at  that  angle  is  then  to  be  drawn  through  x  for  the 
axial  line  of  that  solid.  Construct  the  full  view  of  the  end 
of  the  octagonal  prism  at  (^),  and  from  the  points  ^,  /",  ^,  etc. 
in  that  view  draw  lines  of  indefinite  length  towards  the 
right ;  intersect  these  lines  at  a\  b\  c\  and  d'  in  the  elevation 
by  vertical  primary  projectors  drawn  from  corresponding 
points  in  the  plan,  thus  establishing  the  line  of  intersection 
in  the  elevation.  The  plan  is  then  completed  by  drawing 
primary  projectors  vertically  downwards  from  the  edge  view 
of  the  end  of  the  octagonal  solid  in  the  elevation  and 
tracing  the  outline  of  the  inclined  surface  thus  designated, 
as  in  Problem  6.  The  side  elevation  is  next  projected  by 
the  arc  method  of  secondary  projectors,  as  heretofore. 
Note  that  the  intersection  of  the  upper  portion  of  the 
octagonal*  surface  is  to  be  represented  in  that  view  by 
dotted  lines. 

Case  III. —  Wheu  the  axes  are  at  an  oblique  angle ,  but  do 
not  intersect. 

Explanation. — The  position  of  the  solids  is  shown  in  the 
drawings  on  the  plate,  and  the  projections  do  not  differ 
materially  from  those  of  the  two  preceding  cases.  The 
octagonal  solid  is  in  this  case  inclined  at  an  angle  of  30°, 
and  its  axial  line  ;// ;/,  as  shown  in  the  plan,  is  drawn  -^  inch 
below  the  center  of  the  quadrangular  prism.  The  order  of 
procedure  is  the  same  as  that  given  for  the  drawing  of 
Case   II  and   will   present   no    difficulties    to    the    attentive 
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student.  It  is  necessary,  however,  to  use  extreme  care  in 
these  projections,  in  order  that  the  position  of  points  in  the 
dilfererit  views  may  be  located  in  the  same  corresponding 
position  with  regard  to  one  another* 


PROBLEM    S8 

93.    To  project  vlewB  of  a  prism  Intersected  by  a 
cylinder. 

Explanation. — Fig.  47  is  a  perspective  view  of  an  octag- 
onal prism  intersected  by  a  cylinder  at  an  obhque  angle  the 

axes  of  the  solids  not  intersect-  

ing.     The   arrangement   of    the  i 

views,    the  dimensions,   and  the 

angle  of  inclination  are  shown  on 

the  plate.     The  projection  of  this  | 

problem  is  very  similar  to  the  last  I 

case  of  Problem   3"i.     Note  that  I 

the  position  of  the  two  solids  is  I 

such  that  the  axis  of  the  cylinder 

intersects    the    edge   D    of    the 

prism.   The  circles  that  represent 

the  end  surface  of  the  cylinder  in  each  view  are  divided  into 

a  convenient  number  of  equal  spaces,  and  from  the  points 

thus  located  lines  parallel  to  the  axis  of  the  cylinder  are 

drawn   on   its   surface.      These    lines   are   then    projected 

in   the  same   way  as  the  lines   that  represented    the   edges 

of  the  octagonal  prism  in  Problem  -li.     Since  the  surface  of 

the  cylinder  is  a  curved  surface,  the  line  drawn  through 

the  points  of  intersection  of  the  two  solids  will  be  a  curved 

line. 


•  Too  much  stress  cannot  be  laid  on  this  important  statement :  as 
student  progresses  with  the  projection  of  the  vit-wK.  he  will  see  the 
pirlance  of  this  mutter.  The  work  must  be  done  Klc)wly.  keeping 
pencil  p<iints  well  sharpened ;  the  |xisition  of  the  jMints  in  the  draw 
may  then  be  aicunitfly  deli-rmined,  if  thf  views  xav  e.mslantly  c 
p;ired.  If  this  is  done,  lliere  will  be  no  ditliculty  attached  to  any  of 
problems  to  follow  in  this  section. 


— ^ing  the 
the  drawing 
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94.     General  Instruction  Relating:  to  Intersections. 

When  points  are  located  on  the  full  view  of  a  surface 
in  a  plan  and  elevation,  as  on  the  circles  at  (a)  and  (d)  in 
the  drawings  on  the  plate  for  the  last  problem,  care  must  be 
taken  that  the  distinction  between  the  different  views  is 
maintained;  thus,  the  point  x%  at  (a)  and  in  the  plan,  is 
located  at  x'  at  (d)  and  in  the  elevation,  both  positions  on 
the  drawing  representing  the  same  position  on  the  solid. 
Any  other  points  thus  located  on  an  outline  will  be 
changed  in  a  corresponding  way  with  relation  to  one 
another.  To  project  intersections  of  solids,  all  of  whose 
surfaces  are  bounded  by  parallel  lines  or  on  whose  sur- 
faces parallel  lines  may  be  drawn  that  will  also  be  parallel 
to  the  axis  of  the  solid,  it  is  necessary  first  to  draw  a 
view  that  will  show  the  intersect^^  surface,  or  surfaces, 
in  one  line — that  is,  **on  edge."  Such  views  have  been 
drawn  in  the  plans  of  the  preceding  problems.  The  lines 
of  the  intersect/;/^  solid  are  then  represented  in  this  view, 
and  the  points  of  their  intersection  with  the  upright 
surfaces  are  projected  to  the  elevation  in  the  manner 
described. 

It  will  be  seen  that,  if  all  the  surfaces  of  any  intersecting 
solids  are  plane,  their  edges  or  outlines  alone  will  suffice  for 
finding  the  lines  of  intersection.  If  the  surfaces  are  curved, 
it  is  merely  necessary  to  locate  a  number  of  points  on  the 
outline  of  the  full  view,  through  which  to  draw  parallel  lines 
similar  to  those  drawn  on  the  cylinder  in  Problem  23.  This 
practically  changes,  or  reduces,  the  cylinder  to  a  solid 
bounded  by  a  number  of  plane  surfaces.  In  the  case  of 
Problem  23,  the  cylinder  has  really  been  treated  as  though 
it  were  a  prism  having  a  number  of  sides  equal  to  the  num- 
ber of  spaces  into  which  the  circles  were  divided.  This 
would  actually  have  been  the  case  had  straight  lines  been 
drawn  between  the  points  thus  located  on  the  circles 
at  (a)  and  (d).  Had  this  been  done,  the  line  of  intersec- 
tion would  also  have  been  represented  by  a  series  of  short 
lines  drawn  between  the  points  located  by  projection 
methods. 
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DBAWING   PI.ATB,  TITLE  i    INTERSECTIONS    II 

95.  This  plate  is  divided  in  the  same  manner  as  the  pre- 
ceding plate,  and  the  problems  occupy  the  same  relative 
positions. 

96,  Intersections  of  Cjllndcra.  —  The  intersection 
lines  of  cylinders  equal  in  diameter  and  intersecting  one 
another  in  the  same  plane — that  is,  so  that  their  axes  also 
intersett — are  always  represented  by  straight  lines  in  a  view 
that  shows  the  axes  in  their  true  length.  This  is  the  case  in 
the  projections  that  are  shown  in  Fig.  48,  which  represents 


objects  that  are  familiar  to  all  sheet-metal  workers;  namely, 
pipe  angles  {a),  elbows  (d),  Ys  (r),  and  T's  (rf).  The  same 
is  also  true  of  similar  moldings  "mitered"  in  a  plane  in 
which  the  true  length  of  all  members  of  such  moldings  may 
be  shown.  The  line  of  intersection  may  always  be  found  in 
such  cases  by  bisecting  the  angle  made  by  the  pipe  or  mold- 
ings. Fig.  48  also  illustrates  an  example  of  line  shading 
often  used  by  draftsmen  to  designate  cylindrical  surfaces  on 
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working  drawings.  When  cylinders  of  different  diameters 
intersect  (or  cylinders  of  the  same  diameter  whose  axes  do 
not  intersect),  the  lines  of  intersection  in  any  view  are 
curved  lines,  and  are  found  in  a  manner  similar  to  the  pro- 
jection in  the  last  problem.  The  lines,  however,  that  are 
drawn  on  any  one  cylinder  must  be  projected  to  the  inter- 
secting cyHnder,  for  it  is  at  the  intersection  of  lines  thus 
drawn  that  points  are  established  through  which  the  curve  of 
intersection  may  be  traced.    This  is  illustrated  in  Problem  24. 


PROBLEM    S4 

97.     To  prefect  vle^rs  of  Intersecting   cylinders  of 
unequal  dianieters. 

Explanation. — Fig.  49  is  a  perspective  view  of  a  branch  Y 
of  occasional  occurrence  in  blowpipe  work.     The  arrange- 
ment of  the  views  and  the  method  of  projec- 
I  tion  are  shown  on  the  plate,  and  since  it  is 
similar  to  those  of  drawings  that  have  been 
made   on  the   preceding  plate,   no  definite 
instructions  are  necessary.     The  diameter 
of  the  larger  cylinder  is  3  inches  and  that  of 
the  smaller  1  inch,  while  the  angle  of  inter- 
section shown  in  the  elevation  is  45°.     The 
position  of  the  two  cylinders  is  such  that 
the  outline  rs  of  the  smaller  cylinder  in  the 
Pio  »  plan  is  tangent  to  the  circle  that  represents 

the  large  cylinder  Note  the  position  of  points  on  the  circle 
that  represents  the  end  surface  of  the  smaller  cylinder  in 
the  plan,  at  a,  6,  and  c,  and  their  corresponding  location 
at  a',  b',  c',  etc.  in  the  elevation  {Art.  94).  Also  observe 
that  certain  points  on  lines  drawn  on  the  surface  of  the 
smaller  cylinder,  as  the  lines  m  «,  p  q,  and  r  s  in  the  plan,  are 
projected  to  the  front  elevation,  where  they  are  represented 
as  lines  at  «'  «",  q'  q",  and  s'  s".  These  corresponding  lines 
are  in  the  same  plane  and  are  the  lines  drawn  on  the  surface 
of  the  larger  cylinder,  as  above  mentioned.  Through  the 
points  of  their  intersection  with  lines  drawn  from  a'  b\  and  (' 
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in  the  elevation,  the  curved  line  of  intersection  of  the  two 
cylinders  is  to  be  traced,  thus  completing  the  problem. 
Project  the  side  elevation  as  heretofore. 


PROBLEM    95 

98.  To  project  vlei?vs  of  a  cone  Intersected  by  a 
cylinder,  tlie  axes  of  tlie  two  solids  being:  parallel. 

Explanation. — Fig.  50  is  a  perspective  view  of  a  steam- 
exhaust  head,  a  modification  of  which  is  in  common  use. 
The  drawing  on  the  plate  is  a  com- 
plete projection  of  the  same,  in  which 
the  proportion  of  the  cylinder  C  is  in- 
creased, in  order  to  show  the  method 
of  projection  to  better  advantage. 
Observe  that  the  position  of  the  object 
is  reversed,  as  the  drawing  is  thereby 
facilitated.  The  elevations  on  the 
plate  show  that  the  lines  of  intersec- 
tion of  the  two  cylinders  A  and  B  with 
the  cone  are  represented  by  straight  ^^^'  ^ 

lines;  this  is  always  the  case  when  a  cylinder  whose  diameter 
is  equal  to  a  section  of  the  cone  intersects  in  this  manner. 

Construction. — First,  construct  the  elevation  of  the  cone 
in  its  proper  place  on  the  drawing  and  in  accordance  with 
the  dimensions  given  on  the  plate.  The  cylinders  A  and  B 
are  then  drawn  as  shown.  Next,  draw  the  plan  and  repre- 
sent the  outline  of  the  cylinder  C  in  that  view  by  a  circle 
of  the  diameter  indicated  on  the  plate.  Divide  this  out- 
line into  a  convenient  number  of  equal  spaces  (in  this 
case  8),  as  shown  at  a,  b,  c,  etc.,  and  through  each  of  these 
points  draw  elements  of  the  cone,  2iS  O  p,  O  q^  etc.  Project 
these  elements  to  the  elevation  and  locate  thereon  by  pro- 
jection methods  the  position  of  the  points  of  intersec- 
tion a\  h\  g\  etc.  Complete  the  elevation  by  drawing  the 
outline  of  the  cylinder  C  in  that  view  and  tracing  the  line 
of  intersection  of  the  two  solids  through  the  points  a\  h\  g' 
etc.     Project  the  side  elevation  by  the  usual  methods. 
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PROBLEM  ae 
99.     To  project  vlew^S  of  IntersectliiK  cones. 

Fig.  51  is  a  perspective  view  of  an  object  that  illustrates 
this  problem.  The  cones  are  shown 
a  somewhat  more  convenient 
proportion  for  this  problem  in  the 
projections  on  the  plate.  The  con- 
struction of  this  problem  must  be 
I  followed  very  carefully,  as  a  number 
of  the  operations  are  necessarily 
made  over  one  another  on  the  draw- 
ing and  the  student  must  be  careful 
to  distinguish  each  process. 

Construction, — Describe  a  circle 
2J  inches  in  diameter  in  the  plan 
to  represent  the  lower  base  of  the 
P'**'  '1  larger,  or  intersected,  cone  in  that 

view;  and  from  the  same  center  describe  a  circle  i  inch  io 

diameter,  to   represent  the 

upper    base.      Project    the 

front  elevation  of  this  cone 

and     define     the     frustum 

2^  inches  high,  as  shown  on 

the    plate,    producing    the 

outlines  until  they  meet  in 

the  vertex.     Next,  through 

the  point  F,  Fig.  53,draw  the 

axial   line   of    the    smaller, 

or   intersecting,    cone    (the 

line    A  B,    Fig.    52)  at   an 

angle  of  45°  with  the  base 

of  the   larger  cone;    locate 

the  point  A   :i  inches  from  , 

/■',    and,    after    fixing    the 

point    C   1    inch    from    F, 

draw     C  D     perpendicular 

to  A  B.     Draw  the  outline 

of    the    upper    base    of    the 
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smaller  cone  in  the  elevation  parallel  to  C  D  and  }  inch 
fromv^.  Draw  the  full  view  of  the  base  of  the  smaller  cone 
aX.  J  B  H;  divide  this  outline  into  a  convenient  number  of 
equal  parts,  as  at  J,  a,  B,c,  etc.,  and  project  these  points 
to  the  base  C  D.  Draw  the  elements  of  the  smaller 
cone,  as  shown  in  Fig.  52,  and  produce  them  until  they 
intersect  the  base  of  the  larga  cone  at  £,  F,  and  G* 
In  the  plan  of  this  drawing,  a  seriesof  sections  of  both  cones 
are  now  drawn  as  the  sectional  curves  would  appear  if  each 
of  the  elements  of  the  smaller  cone  shown  in  the  elevation 
were  considered  as  a  cutting  plane,  as  in  Problem  20.  The 
sections  of  the  smaller  cone  will  in  each  case  be  a  triangle 
(Art.  86),  while  the  sections  of  the  larger  cone  will  be  ellip- 
tical, parabolic,  or  hyper- 
bolic curves,  as  the  case  may 
be.  The  point  of  intersec- 
tion with  the  side  of  each 
triangle  and  its  correspond- 
ing sectional  curve  of  the 
larger  cone  is  then  projected 
to  the  elevation  and  the  line 
of  intersection  of  the  two 
cones  traced  through  these 
points.  The  sectional  tri- 
angles of  the  smaller  cone 
are  shown  in  the  plan  of 
Fig.  52.  Draw  vertical 
primary  projectors  to  the  »-»^^(- 
plan  from  points  a',  H\ 
and  c' ,  and  on  these  pro- 
jectors set  off  distances 
from  the  horizontal  center 
line   of   the  plan  similar  to  •''°-  ^ 

the  distances  from  H  J  in  the  full  view  of  the  base;  that  is, 
make  a'V"  equal  xc,  etc. 

•  In  this  case  eight  elements  are  represented,  since  it  is  nut  desirable 
to  complicate  the  drawing  by  using  more,  akhnugh  in  practical  work 
it  will  be  found  necessary  ti>  use  a  larger  number  of  points  in  order 
that  the  line  of  intersection  may  be  more  accurately  traced. 
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It  is  not  necessary  to  develop  the  sectional  curves  of  the 
larger  cone  in  their  entire  length,  since  all  that  is  required  , 
is  to  find  a  point  on  each  curve  that  is  at  the  intersection  of 
the  triangular  sections  of  the  smaller  cone.  This  is  better 
illustrated  in  Pig.  53,  in  which  is  shown  the  projection  of 
the  point  c  in  the  line  of  intersection.  A  study  of  this 
figure  will  show  to  the  student  that  the  operations  are  simi- 
lar to  those  of  Problem  SO ;  the  process  in  the  case  of  each 
point  is  merely  a  repetition  of  that  here  indicated  and  need 
not  be  further  explained.  The  extreme  upper  and  lower 
points  _)<  and  e.  Fig,  62,  are  the  points  of  intersection  of  the 
central  section  and  may  be  projected  directly  to  the  plan 
from  the  elevation,  since  the  outline  of  the  figure  in  the 
elevation  is  really  a  section  on  the  line  m  n  in  the  plan  of 
Fig.  52.  Fig.  54  shows  the  three  sections  produced  by  the 
above  method;  that  is,  the  irregular  curve  p  q  r,  Fig.  54, 
is  a  section  of  the  larger 
cone  produced  by  the  in- 
tersection of  the  cutting 
plane  A  E;  s  s  and  /  i 
are  found  as  above  de- 
scribed, the  section  lines 
l>eing  indicated  in  the 
figure  by  short  cross- 
hatching.  Project  the  side 
elevation  as  in  former 
problems. 

The  student  may  at  the 
completion  of  the  drawing 
on  the  plate  erase  all  the 
construction  lines  except 
those  projectors  shown  on 
the  reduced  copy  of  the 
plate,  those  lines  only  be- 
ing inked  in  that  are  neces- 
sary to  show  the  outlines  of 
'''°' "  the  figure  and  the  line  of 

■ach  view,  as  well  as  the  outer  projectors. 
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PROBT^EM  87 

100,  To  project  vle>vs  of  a  sphere  Intersected  by 
a  cylinder. 

When  the  position  of  these  two  solids  is  such  that  the  axis 
of  the  cylinder  passes  through  the  center  of  the  sphere,  as 
shown  in  perspective  in  Fig.  55,  the  line  of  intersection 
is  shown  in  a  right  elevation  as  a  straight  line.  In  the  case 
of  the  solid  shown  in  perspective  in  Fig.  56,  the  axis  of  the 
cylinder  does  not  pass  through  the  center  of  the  sphere,  and 


Fig.  65 


Fig.  66 


the  line  of  intersection  is  an  irregular  curve,  which  may  be 
found  by  the  following  method.  Since  the  construction  of 
this  problem  involves  lines  that  must  necessarily  be  drawn 
closely  together  in  the  small  scale  adopted  for  these  drawings 
on  the  plate,  a  proportion  is  selected  that  does  not  admit  of 
the  entire  figure  being  shown  in  the  elevations;  these  pro- 
jections are  therefore  finished  by  broken  lines,  as  indicated 
on  the  plate. 

Construction. — Draw  the  plan  first  and  represent  the 
view  of  the  sphere  by  a  circle  3|  inches  in  diameter.  Draw  a 
vertical  diameter  and  from  a  point  midway  on  the  radius  a  b 
describe  a  circle  If  inches  in  diameter,  to  represent  the  end 
view  of  the  cylinder,  on  the  outline  of  which  locate  a  number 
of  points  by  spacing  with  the  dividers,  as  at  i,  ^,  S^  4,  etc. 
Through  these  points,  in  the  manner  shown  on  the  plate, 
draw  vertical  lines,  ?i^  ab,  c  d^  cf^  gh^  and  //,  each  of  which 
will  now  represent  a  cutting  plane.     Sections  of  the  sphere 
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and  cylinder  on  these  lines  are  now  to  be  produced  in  the 
side  elevation.  These  sections,  as  already  stated,  are  circles 
and  parallelograms,  respectively,  the  diameter  of  the  circles 
being  ascertained  from  the  view  in  which  the  cutting  plane 
is  shown  on  edge,  as  in  the  plan.  In  this  problem,  the  side 
elevation  is  next  projected.  Describe  arcs  representing  the 
sections  in  the  side  elevation,  using  the  radii  ab^  cd,  ^  f^S^^^ 
and  /y,  the  radius  a  b  being  the  great  circle  of  the  sphere. 
By  the  aid  of  primary  projectors,  project  the  points  from 
the  cylinder  in  the  plan  to  the  side  elevation,  intersecting 
corresponding  arcs  in  the  side  elevation.  Trace  the  irregular 
curve  shown  in  that  view  on  the  plate  through  these  points. 
Next  project  the  front  elevation,  thus  completing  the 
problem. 

101.  Recapitulation. — The  problems  of  this  plate 
have  afforded  the  student  an  opportunity  for  careful  study. 
Owing  to  the  number  of  points  necessary  to  be  found  in 
each  figure,  the  problems  may  have  had  the  appearance  of 
more  or  less  complication,  but  if  the  student,  as  previdusly 
cautioned,  will  carefully  locate  the  points  required,  one  at  a 
timCy  not  hurrying  his  work  nor  trying  to  grasp  the  entire 
problem  at  once,  but  keeping  in  mind  the  different  principles 
in  the  order  presented,  and  by  referring,  if  necessary,  again 
and  again  to  the  primary  principles,  he  will  experience  no 
difficulty  in  making  the  drawings.  He  will  also  be  able 
intelligently  to  project  any  view  of  any  object;  in  other 
words,  he  will  be  able  to  make  any  working  drawing  what- 
ever, and,  in  addition  to  this,  be  able  to  read  and  understand 
any  working  drawing  he  may  be  called  on  to  examine. 
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1.  Deflnltlon  of  a  Development. — A  development  is 
a  drawing  in  which,  a  full  view  of  all  the  surfaces  of  a  solid 
is  represented.  Whenever  a  development  is  to  be  drawn 
(except  in  the  case  of  solids  of  very  simple  form),  a  pro- 
jection drawing  must  first  be  made.  This  projection  should 
show  the  solid  in  a  right  position.  Since  the  location  of  the 
various  points  in  a  development  is  dependent  on  their  corre- 
sponding position  in  the  projection  drawing,  the  importance 
of  the  projection  and  the  necessity  for  accuracy  in  its  con- 
struction are  thus  clearly  seen.  If  a  solid  is  bounded  entirely 
by  plane  surfaces,  its  development  can  be  accomplished  by 
merely  projecting  their  full  views,  as  already  explained  in 
Practical  Projection. 

A  solid  is  said  to  be  developed  when  all  surfaces  compo- 
sing it  are  represented  on  one  plane  and  in  such  relation  to 
one  another  that,  if  formed  or  bent  up,  they  will  constitute 
a  solid  similar  to  the  one  represented  by  the  projection  draw- 
ing from  which  the  development  was  made.  Such  a  rep- 
resentation is  called  a  development,  or  a  pattern,  the 
process  of  laying  out  the  pattern  being  termed  developing 
the  surfaces  of  the  solid. 

3«  Relation  of  the  Surfaces  In  a  Pattern. — When 
it  is  desired  to  produce  a  pattern  requiring  a  combination 
of  several  surfaces  that  are  adjacent  in  a  solid,  such  surfaces 
must  be  drawn  in  the  same  relation  to  one  another  in  the 
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development.  The  surfaces  of  a  solid  when  thus  combined 
in  a  pattern,  or  development,  bear  the  same  relation  to  one 
another  that  they  would  if  they  were  considered  as  being 
unfolded  or  unrolled — the  same  relation  that  a  paper  wrap- 
per would  bear  to  the  package  from  which  it  had  been 
unfolded  or  unrolled.  The  paper  wrapper  is  not  always  an 
apt  illustration,  as  the  metal  worker  seldom  requires  several 
thicknesses  of  his  material.  In  the  case  of  the  familiar 
**  square  pan,"  however,  the  ends  are  folded  on  one  another 
in  precisely  the  same  way  as  in  the  paper  wrapper. 

It  will  be  seen  from  the  foregoing  that,  were  all  solids 
bounded  by  flat,  or  plane,  surfaces,  the  subject  of  develop- 
ments would  present  no  new  problems;  it  would  be  neces- 
sary merely  to  study  the  relation  of  surfaces  to  one  another, 
project  their  fqll  views,  and  carefully  redraw  them  in  the 
pattern  in  the  same  relative  position. 

3.  Projection  Methods  Used. — It  has  been  shown  in 
Practical  Projection  that  a  single  surface  is  developed,  or,  as 
stated,  its  full  view  is  drawn,  by  a  modification  of  the  same 
methods  that  are  used  to  produce  the  different  views  of  that 
surface.  Many  of  the  operations  attendant  on  the  develop- 
ment of  solids  are  like  those  used  in  producing  full  views  of 
single  surfaces;  or,  if  not,  the  principles  involved  may  be 
traced  to  their  origin  in  other  methods  used  in  projection 
drawing. 

A  thorough  knowledge  of  projection  is  absolutely  neces- 
sary that  the  student  may  understand  the  operations  involved 
in  developing  the  surfaces  of  a  solid.  The  position  of  the 
several  points  located  in  a  drawing  and  their  corresponding 
location  in  an  imaginary  way  on  the  object  itself  must  be 
definitely  fixed  in  the  student's  mind.  Each  line  must  be 
determined  in  its  relation  to  the  other  lines  of  the  drawing 
and  its  ideal,  or  imaginary,  location  definitely  ascertained; 
the  surfaces,  also,  must  be  treated  in  a  similar  way.  The 
student  must  picture  to  himself  the  completed  object  as  it 
will  appear  when  the  surfaces  laid  out  on  the  drawing  board 
in  the  development  are  formed  up  in  their  final  relation  to 
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one  another.  This  imaginary  part  of  the  study  is  of  even 
greater  importance  in  the  case  of  developments  than  in  pro- 
jection drawing.  As  the  student  has  already  had  some  drill 
in  this  part  of  the  work,  the  subject  he  is  now  studying 
should  be  found  less  difficult  than  would  otherwise  be  the 
case.  In  projection  drawing,  the  surfaces  of  the  solid  are 
represented  as  being  in  their  proper  position ;  in  the  develop- 
ment, the  same  surfaces  are  represented  as  being  developed 
or  spread  out  on  the  surface  of  the  drawing  board. 


GENERAL    CLASSIFICATION 

4,  General  Classification  of  Solids. — An  accurate 
development  may  be  drawn  for  the  plane  surfaces  of  any 
solid,  or  for  surfaces  having,  when  related  to  a  given  line  on 
such  surface,  a  curvature  in  one  direction  only.  In  general, 
it  may  be  stated  that  any  solid  may  be  developed  on  whose 
surfaces  it  is  possible  to  lay  a  straightedge,  in  continuous 
contact,  in  any  one  direction.  To  use  in  this  connection 
the  illustration  of  the  cylinder,  it  will  be  seen  that,  if  the 
straightedge  is  resting  on  the  surface  parallel  to  the  axis  of 
the  cylinder,  it  will  remain  in  contact  at  all  points.  If,  on 
the  other  hand,  the  straightedge  is  resting  on  the  curved 
surface  and  is  not  parallel  to  the  axis  of  the  cylinder,  the 
surface  will  be  in  contact  at  a  single  point  only.  However, 
the  fact  that  it  is  possible  to  place  the  straightedge  in  con- 
tinuous contact  on  the  surface  allows  the  inference  that 
such  surface  is  capable  of  accurate  development. 

The  same  rule  applies  to  solids  of  irregular  form.  The 
methods  of  development,  however,  are  not  the  same  in  cer- 
tain variously  formed  solids,  as  will  be  explained  later. 
There  are  certain  forms  whose  surfaces,  owing  to  their 
curvature  in  several  directions,  are  not  capable  of  being  thus 
laid  out  on  a  flat  surface,  i.  e.,  not  capable  of  being  devel- 
oped. On  the  surfaces  of  solids  of  this  class — the  sphere,  for 
example — it  will  be  found  impossible  to  lay  the  straightedge 
in  contact  in  any  direction.     For,  if  placed  on  such  a  surface, 
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there  will  be  but  one  point  of  contact — that  of  the  tan- 
gential point.  Tangential  contact  indicates  that  develop- 
ment can  be  accomplished  only  in  an  approximate  way.  For 
purposes  of  development,  then,  it  is  convenient  to  separate 
all  solids  into  two  general  classes  according  to  the  result 
obtained  in  developing  their  surfaces.  These  two  classes 
are:  solids  whose  surfaces  admit  of  accurate  development 
and  solids  whose  surfaces  admit  only  of  approximate  devel- 
opment. Approximate  developments  are,  however,  so 
nearly  accurate  for  the  purposes  of  the  sheet-metal  worker 
that  the  kind  of  solid  is  more  clearly  marked  by  the  method 
of  developing  its  surface  than  by  the  result  obtained  by  the 
development.  Therefore,  in  order  to  distinguish  the  kinds 
of  solids,  both  accurately  and  approximately  developed 
solids  are  divided  into  three  main  classes  according  to  the 
method  used  in  developing  their  surfaces.  These  classes 
are  explained  later. 

5.  Accurate  Developments. — Solids  whose  surfaces 
are  capable  of  accurate  development  are  of  frequent  occur- 
rence in  the  sheet-metal-working  trades.  To  this  class 
belong  all  prismatic,  cylindrical,  and  conical  forms,  whether 
of  regular  or  irregular  geometrical  form.  It  includes  all 
articles  or  objects  whose  covering  may  be  form'ed  without 
being  submitted  to  the  operations  known  to  trade  workers  as 
**  raising,**  or  **  bumping."  Any  solid  whose  surfaces  may 
be  unrolled  or  spread  out  on  a  flat  surface  without  **  buck- 
ling" may  be  accurately  developed.  Although  it  is  often 
necessary,  especially  when  working  metal  of  unusual  thick- 
ness, to  take  into  account  the  stretching  of  the  material 
when  producing  patterns  for  many  objects,  these  objects 
belong  to  accurately  developed  solids,  providing  that  the 
metal  does  not  have  to  be  **  raised,"  or  **  bumped,"  in  order 
to  form  the  object.  It  is,  therefore,  essential  that  the 
metal  worker  should  thoroughly  understand  the  nature  of 
the  material  and  be  well  informed  as  to  the  best  manner  in 
which  to  provide  for  all  laps  and  edges  used  in  the  construc- 
tion of  the  finished  article. 
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It  is  the  purpose  of  Development  of  Surfaces  to  define  and 
illustrate  theoretical  developments  and  the  means  used  by 
the  draftsman  in  their  production. 

6,  Approximate  Developments.  —  The  sphere  and 
other  solids  whose  surfaces  have  a  curvature  in  two  or 
more  directions  are  examples  of  objects  capable  of  only 
approximate  development.  The  test  by  the  straightedge 
is  (with  the  exception  of  the  helicoidal  surface)  a  posi- 
tive indication  of  the  class  to  which  any  solid  may  be 
assigned.  Patterns  for  the  surfaces  of  objects  of  this  class 
may  be  approximated^  because  it  is  necessary  for  the  metal 
to  undergo  the  operations  of  **  raising,**  or  **  bumping,** 
before  it  will  conform  to  the  exact  surface  represented  in 
the  drawing.  It  is  necessary  in  these  cases  to  make  allow- 
ance in  the  pattern  for  the  stretching  of  the  metal.  Since 
this  part  of  the  subject  does  not  belong  to  theoretical  develop- 
ment, it  is  not  treated  here. 


SOIilDS   THAT   MAY    BE    ACCURATEIiY 

DEVEIiOPED 

7.  There  are  three  distinct  methods  in  common  use,  by 
means  of  which  patterns  are  produced  for  solids  whose  sur- 
faces are  capable  of  accurate  development.  It  is  advisable, 
therefore,  to  separate  the  different  varieties  of  these  forms 
into  three  general  divisions,  in  order  that  their  development 
may  be  studied  in  a  systematic  manner.  This  classifica- 
tion may  be  made  by  studying  the  manner  in  which  the 
covering  of  these  solids — to  use  again  the  illustration  of  a 
wrapper — would  be  unrolled  or  spread  out  if  done  by  roll- 
ing the  solid  on  a  flat  surface. 

8.  Solids  Developed  on  Partillel  Tjlnc^. — A  conve- 
nient illustration  of  the  manner  in  which  the  surfaces  of  a 
solid  will  appear  when  unrolled  as  above  indicated  may  be 
found  in  the  following  example,  which  serves  at  the  same 
time  to  define  a  property  peculiar  to  solids  of  a  certain 
forni.     lyct  the  continuously  adjacent  surfs^cei^  of  the  prisip 
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shown  in  Fig.  1  (a)  be  carefully  covered  with  thin  paper,  as 
at  Fig.  1  {i).  Denote  each  of  the  four  surfaces  by  a  letter, 
as^,  B,  C,  and  D,  and  further  designate  the  edges  of  the 
prism  by  the  letters  a  d,  c  d,  e  f,  and  g  h.  As  the  ends  of 
the  paper  covering  meet  at  the  edge  a  b,  that  edge  of  the 
surface  D  may  be  denoted  by  the  letters  a'  b',  as  shown  in 


'Fig.  1  [b).  Assume  now  that  the  prism  is  laid  on  the 
drawing  board,  the  surface  A  face  down,  and  the  paper 
covering  removed  by  turning  the  prism  over  and  over,  the 
paper  remaining  on  the  surface  of  the  drawing  board,  as 
shown  in  Fig.  S  {a)  and  {b). 

Two  important  principles  relating  to  developments  are 
demonstrated  in  these  illustrations.     First,  as  will  be  seen 
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Fig.  2 

from  Fig.  2  (b),  the  edges  a  b,  c  d,  c/,g/i,  and  n'  b'  are  all 
parallel  to  one  another.  This  is  true  both  in  tJie  develop- 
ment and  on  the  solid,  as  may  be  readily  seen  by  the 
student,  the  only  difference  being  that  on  the  solid  certain 
of  the  lines  are  in  different  planes,  while  in  the  development 
they  are  all  in  the  same  plane.     Second,    it  will  be  noted 
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that,  since  the  letters  shown  in  Fig  2  are  reversed,  the 
outer  surface  of  the  paper  covering  in  Fig.  1  {b)  corresponds 
to  the  under  surface  in  Fig.  2  {b).  In  a  similar  manner,  it 
is  learned  from  the  second  principle  that  positions  indicated 
on  any  surface  of  a  solid,  as  shown  in  a  projection  drawing, 
are  reversed  when  shown  in  the  development  of  the  solid. 

The  same  treatment  of  the  cylinder  is  found  to  produce 
results  closely  resembling  those  shown  in  the  case  of  the 
prism.     The  cylinder  is  represented  in  Fig.  3  (a)  as  covered 


(a) 


Fig.  3 


with  paper,  a  number  of  lines  being  ruled  on  the  covering 
parallel  to  its  axis,  as  shown  at  c  d,  ef,  etc.  The  paper  is 
shown  unrolled  in  Fig.  3  {b),  and  it  will  be  observed  that 
not  only  the  outer  edges  a  b  and  a'  b'  are  parallel  to  each 
other,  but  that  all  other  lines  parallel  to  the  axis  of  the 
solid  appear  in  the  development  parallel  to  one  another  and 
to  the  edge  lines  a  b  and  a'  b\  The  student  that  has  ever 
flattened  out  a  piece  of  straight  molding,  as  for  cornice 
work,  probably  noticed  a  number  of  straight  parallel  lines 
on  the  metal  where  it  had  been  bent  in  the  brake.  This  is 
an  illustration  similar  to  that  of  the  cylinder,  the  different 
members  of  the  molding  being  considered  as  the  various 
surfaces  of  an  irregular  solid. 

Such  illustrations  indicate  that  parallel  lines  bear  some 
relation  to  certain  forms,  and  it  will  be  shown  that  the  pat- 
terns for  these  forms  are  developed  by  a  method  whose 
principles  are  based  on  this  fact.  Many  solids  may  be  at 
once  recognized  as  belonging  to  this  division.      In  general, 
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any  solid  whose  edges  are  parallel  may  be  located  here.  In 
the  case  of  solids  having  curved  surfaces,  it  may  be  stated 
that,  if  it  is  possible  to  draw  a  series  of  parallel  lines  on 
such  surfaces, ,  the  development  of  the  solid  may  be  pro- 
duced by  the  same  methods  given  for  this  class.  The  first 
general  division,  therefore,  comprises  those  solids  whose 
surfaces  may  be  developed  on  parallel  lines. 

9.     Solids   Developed   on   Radial   liines.  —  When    the 
test  given  to  the  cube  and  the  cylinder  in  Figs.  1  to  8  is 


PlO.  4  \ 

applied  to  the  pyramid,  it  is  found  that  the  lines  indicated 
on  the  paper  converge  to  a  point,  as  shown  in  Fig.  4  {a) 
and  {b).  It  is  noticed,  also,  that  this  point  ^,  Fig.  4,  defines 
the  position  of  the  vertex  of  the  pyramid.  The  same  may  be 
said  of  the  cone,  illustrated  in  Fig.  5  (a)  and  {b).     If  lines 


W 


Fig.  6 


are  first  indicated  on  the  surface  of  the  cone  corresponding 
to  its  elements,  it  will  be  found,  when  the  covering  is 
unrolled,  that  these  lines  also  converge  to  a  point,  as  in  the 
Qase  of  the  edges  of  the  pyramid. 
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It  was  found  possible  to  institute  a  system  of  obtaining 
developments  based'  on  parallel  lines  in  the  case  of  the 
prism  and  cylinder;  in  a  similar  manner,  it  is  quite  evident 
in  this  case  that  a  system  dealing  with  radial  lines  should 
produce  like  results.  Since,  in  projection  drawing,  the  ele- 
ments of  the  cone  are  known  to  be  useful  factors  in  deter- 
mining the  position  of  points  on  its  surface,  it  may  readily 
be  conceived  that  their  use  in  a  somewhat  similar  way  may 
be  adapted  to  developments.  This  is  found  to  be  the  case ; 
and  a  second  general  division  of  solids  is  thus  made,  con- 
sisting of  those  forms  whose  surfaces  may  be  developed  on 
radial  lines.  Included  in  this  division  are  all  regular  taper-^ 
ing  solids  and  such  irregular  forms  as  are  derived  from 
regular  solids.  The  metal  trades  furnish  many  examples  of 
solids  belonging  to  this  division;  in  fact,  the  writers  of  sev- 
eral works  on  patterncutting  confine  their  instruction  alrnost 
entirely  to  the  development  of  solids  of  this  character. 

10.  Solids  Developeil  by  TriaiiKulatlon. — There  are 
many  forms  of  irregular  surfaces  to  which  the  test  of  the 
straightedge  may  be  applied  and  the  conclusion  thereby 
reached  that  their  surfaces  admit  of  accurate  development. 
It  may  also  be  concluded  that  neither  of  the  two  former 
methods  is  ai)plicable,  for  neither  parallel  lines  nor  a  series 
of  radial  lines  may  be  drawn  on  their  surfaces.  Many  of 
these  solids  are  not  of  such  a  shape  as  to  admit  of  their  being 
either  turned  or  rolled  on  a  plane  surface.  It  is  found, 
however,  that  on  every  such  surface,  scries  of  two  or 
more  lines  each  may  be  drawn  in  certain  directions,  forming 
angles. 

On  such  irregular  surfaces  it  may  happen  that  no  two  of 
the  angles  thus  drawn  on  the  solid,  or  represented — either 
correctly  or  foreshortened — in  the  projection  drawing,  will 
lie  in  the  same  plane  or  be  e(pial  to  each  other.  Since  it  is 
possible  thus  to  project  these  angles,  evidently  they  may  be 
reproduced  on  the  flat  surfacx^  of  liie  drawing  paper  in  their 
correct  size.  If  this  can  i)e  done,  it  may  be  reasonably 
assumed  that  the  surfaces  thus  represented  will  be  the  same 
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as  the  corresponding  surfaces  of  the  solid.  An  illustration 
of  this  principle,  as  pertaining  to  a  plane  surface,  was  given 
under  another  heading  in  Practical  Projection. 

In  Fig.  6  an  irregular  solid  of  this  kind  is  shown.  It  is 
the  solid  whose  projection  was  drawn  in  Problem  19  of 
Practical  Projection.  This  figure 
illustrates  in  a  general  way  the 
method  used  in  arranging  the  trian- 
gles on  the  irregular  surface  of  such 
solids.  The  triangles  are  represented 
'  ill  the  figure  in  a  perspective  way, 
but  they  are,  of  course,  always  drawn 
in  connection  with  the  usual  methods 
of  projection.  The  third  general  division,  therefore,  con- 
sists of  those  solids  whose  surfaces  are  developed  by  trian- 
gulation — that  is,  by  means  of  triangles. 

11.     How  the   Division   of  Solids  Is  Accomplished. 

It  is  not  to  be  understood  that  the  draftsman  actually 
applies  the  test  of  the  straightedge  in  reaching  a  conclusion 
as  to  whether  the  surfaces  of  a  solid  may  be  accurately  or 
approximately  developed.  Nor  does  he  roll  the  object  on 
the  drawing  board  in  order  to  determine  whether  the 
method  by  parallel  lines  or  one  of  the  other  methods  is  to 
be  used.  As  a  matter  of  fact,  he  seldom  has  a  model  to 
work  from,  and,  therefore,  could  not  apply  such  a  test  if  he  so 
desired.  But  as  he  studies  the  drawings  and  imagines  the 
position  of  the  surfaces  as  they  will  appear  in  the  com- 
pleted object,  lie  is  enabled  to  apply  the  tests  as  effectually, 
in  an  imaginary  way,  as  though  the  tests  were  made  with  a 
straightedge.  In  the  same  imaginary  way.  also,  he  assigns 
the  solid  to  the  general  division  to  which  it  properly  belongs, 
and  thus  decides  as  to  the  method  he  will  use  in  the  devel- 
opment of  its  surfaces. 

A  little  practice  will  enable  the  student  ti)  classify  the 
variimsly  formed  i>))jei-ts  in  this  way  and  to  select  the 
method  that  shall  be  applied  in  any  given  case.  A 
very  important   part  of   the   patterncutter's  acquirements 
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consists  in  being  able  to  recognize  in  various  irregular 
objects  those  forms  that  may  be 
only  a  portion  of  some  regular 
solid.  In  other  words,  the  student 
must  learn  to  establish  in  his  own 
mind  the  connection  between  com- 
plete and  perfectly  formed  solids 
and  those  objects  in  which  only 
a  portion  of  the  solid  may  be  rep- 
resented. The  method  of  devel- 
opment is,  of  course,  the  same  in 
both  cases,  but  as  a  matter  of  fact, 


the  operations  are  usually  more  complicated  in  cases  where 
the  incomplete  solid  demands  the  patterncutter's  attention. 
Especially  is  this  true  of  conical  forms,  or  those  developed 
on  radial  lines.  Frequent  illuslrati<)ns  of  this  principle 
may  be  found  in  commonly  occurring  objects.  The  flaring 
pail  shown  in  Fig.  7  is  seen  lo  be  a  part  (or  frustum)  of  a 
cone,  the  completeil  cone  bciny  indicated  by  the  light  sha- 
ding in  the  illustration. 
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The  same  is  true  of  the  sitz  bathtub  in  Fig.  8.  Here  it 
1  that  the  portion  of  the  cone  represented  by  the  fin- 
ished article  is  an  irregular  section 
of  the  cone;  its  development  is,  how- 
ever, accomplished  by  the  same  meth- 
ods to  be  shown  for  regular  cones. 
Another  instance  is  found  in  the 
measure  shown  in  Fig.  9.  Here  are 
two  intersectinjg  cones  :  a  regular 
frustum  of  one  forms  the  body  of 
the  measure;  and  an  irregular  frus- 
tum of  the  other — an  inverted  cone — 
forms  the  lip  of  the  finished  article. 
All  the  articles  in  Figs.  7  to  fl  are 
thus  shown  to  be  frustums  of  regu- 
lar cones,  although  varying  in  the 
regularity  of  their  bases.  In  certain 
cases,   as    in    the    "oval"  pan   body 


rLprtsLnttd  In  the  heavily  shaded  band  in  Fi^.  10,  the 
surf.Kis  m  \\  be  portions  of  the  surfaces  of  diffiTtut  cones  or 
of  cones  differLii(r  m  size.  The  bases  of  this  article  are 
elliptical  in   outline.      The   ellipses   are  drawn  by  circular 
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arcs.  The  vertexes  of  the  different  cones  would  be  repre- 
sented in  a  plan  view  by  the  centers  from  which  the  differ- 
ent arcs  are  struck.  These  cones  are  partially  shown  in 
Fig.  10,  and  in  the  relation  required  by  the  portions  of 
their  surfaces  that  compose  the  sides  of  the  pan. 

It  is  essential,  therefore,  that  the  student  should  possess 
a  certain  familiarity  with  the  forms  of  the  regular  solids,  to 
assist  him  in  the  classification  of  the  objects  that  he  will  be 
called  on  to  develop.  It  is  with  this  end  in  view  that  a  series 
of  plates  is  to  be  drawn  by  the  student.  The  instruction 
is  in  the  form  of  problems,  and  several  of  the  drawings 
of  Practical  Projection  are  reproduced  for  the  purpose  of 
showing  the  development  of  the  surfaces  of  the  solids  there 
represented.  The  student's  attention  will  first  be  directed 
to  a  consideration  of  those  solids  whose  development  may 
be  accomplished  by  means  of  parallel  lines. 


DEVEIX)PMENT   BY   PARALIjEIi   lilNES 

12«  Importance  of  Certain  Ylew^s. — It  has  already 
been  stated  that  the  making  of  a  working  drawing  is  the 
draftsman's  first  step  towards  obtaining  a  pattern  for  the 
surfaces  of  any  solid.  The  solid  in  question  should  be  shown 
in  this  drawing  in  such  a  position  that  measurements  may 
be  taken  of  its  surfaces  in  all  their  dimensions.  In  order  to 
accomplish  this,  several  views  may  have  to  be  drawn, 
although  a  right  plan  and  elevation  will  usually  be  sufficient. 
In  some  cases  there  may  be  given  to  the  mechanic  a  draw- 
ing in  which  the  object  is  so  shown  that  these  dimensions 
may  not  be  readily  obtained.  In  such  cases,  operations  in 
projection  are  required ;  with  these  the  student  is  already 
familiar. 

For  purposes  of  development  it  is  important  that  the  view 
shown  should  be  that  one  in  which  the  lines  of  the  solid  are 
given  in  their  true  length,  or,  in  other  words,  a  right  viae 
of  the  solid.  In  addition  to  this  view  there  must  be  given 
that  view  also  in  which  the  surfaces  thus  partially  bounded 
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by  these  parallel  lines  are  shown  as  on  edge.  In  some 
instances,  as  in  the  case  of  a  simple  solid  of  which  all  the 
dimensions  are  known,  the  latter  view  may  be  omitted;  it 
is,  however,  understood  as  being  drawn,  for  the  draftsman 
knows  all  its  dimensions.  Generally,  therefore,  before  the 
pattern  can  be  produced,  a  plan  and  an  elevation  showing 
the  solid  in  a  right  position  must  be  drawn. 

In  drawing  the  projections  in  Practieal  Projection^  the 
right  views  have  first  been  drawn  and  inclined  views  have 
then  been  projected  from  them.  This  has  been  done  in 
order  to  familiarize  the  student  with  the  appearance  of  such 
drawings;  but  in  every  case  the  development  of  the  pat- 
tern is  to  be  projected  from  a  right  view.  It  is  possible  for 
the  draftsman  to  become  so  expert  by  practice  that  in  cer- 
tain cases  he  is  enabled  to  obtain,  from  foreshortened  views, 
patterns  for  some  surfaces.  The  beginner  should  not  attempt 
this,  however,  since  the  operations  involved  are  confusing, 
and  should  be  resorted  to  only  by  the  experienced  pattern- 
cutter  that  thoroughly  understands  the  subject. 

13.  The  Stretchout.  —  As  stated  in  the  preceding 
article,  it  is  essential  that  in  all  cases  where  the  develop- 
ment of  solids  may  be  accomplished  on  parallel  lines,  the 
view  showing  certain  surfaces  as  on  edge  should  either  be 
given  or  assumed.  From  such  a  view,  the  width  of  each 
surface  may  readily  be  ascertained.  The  total  width  of  all 
these  surfaces — the  distance  around  the  solid — is  called  the 
grlrth  of  the  solid.  In  case  the  solid  has  a  curved  surface, 
its  girth  is  found  by  spacing  with  the  dividers  the  outline  in 
that  view.  The  girth  of  the  cylinder,  for  example,  is  equal 
to  the  length  of  the  circumference  of  a  circle  that  represents 
the  base  of  the  cylinder. 

When  a  distance  corres[)()nding  to  the  girth  of  any  solid 
is  represented  by  a  straiglit  line  on  a  flat  surface,  such  a  line 
is  called  a  stretchout  iuv  the  development,  or  pattern. 
This  line  is  then  marked  off  by  a  series  of  points,  the  points 
representing  the  places  at  which  the  line  would  be  bent 
if  formed  up  to  correspond   with  the  outline  of   the  solid 
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represented  in  the  view  from  which  the  distances  were  taken. 
In  the  case  of  curved  surfaces,  a  number  of  points  are 
located  on  the  outline,  as  previously  indicated.  This  is 
usually  done  by  dividing  the  outline  into  a  number  of  equal 
spaces  in  the  same  manner  as  in  projection  drawing;  an 
equal  number  of  spaces  is  then  stepped  off  on  the  stretchout 
line,  whose  total  length  is  in  all  cases  equal  to  the  girth  of 
the  solid.  An  important  point  to  be  observed  is  that  the 
points  thus  located  on  the  stretchout  must  be  (although 
reversed)  in  a  position  on  the  line  corresponding  to  that 
relatively  occupied  on  the  solid. 

14.  Position  of  the  Development. — The  position  in 
which  the  stretchout  is  placed  on  the  drawing  determines 
the  position  of  the  development.  This  line  is  always  drawn 
at  right  angles  to  the  parallel  lines  of  the  solid  and  from  a 
view  in  which  these  parallel  lines  are  shown  ///  their  true 
length. 

In  making  a  projection,  then,  from  which  to  produce  the 
patterns  of  any  object,  it  is  important  that  a  sufficient 
space  be  left  on  the  drawing,  to  one  side  or  the  other  of  that 
view.  It  frequently  happens  that  this  cannot  be  done,  and 
in  such  cases  it  is  a  common  practice  to  lay  an  extra  piece 
of  paper  over  a  portion  of  the  drawing,  on  which  the  develop- 
ment may  be  produced.  When  the  latter  method  is  adopted, 
the  paper  on  which  the  development  is  made  may  be  used 
in  transferring  the  outline  of  the  pattern  to  the  metal,  and 
the  original  drawing  may  then  be  preserved  in  perfect  con- 
dition. 

16.  Development  of  the  Cube. — For  the  purpose  of 
explaining  to  better  advantage  the  use  of  the  stretchout,  the 
development  of  the  cube  is  presented,  step  by  step,  in  Figs.  1 1 
to  14,  inclusive.  A  reproduction  of  this  development  should 
be  made  by  the  student  in  accordance  with  the  following 
instructions,  although  the  drawing  is  not  to  be  sent  to  the 
Schools  for  correction. 

The  plan  and  the  elevation  shown  in  the  left-hand  portion 
of  the  figures  are  drawn  first.     The  development  could  be 
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produced  from  either  view  in  this  case,  since  in  any  right 
view  the  dimensions  of  a  cube  are  equal.  For  the  purpose 
of  the  illustration,  the  development  is  drawn  from  the 
elevation.  At  right  angles  to  the  parallel  lines  in  the  eleva- 
tion draw  a  line  as  M  N^  Fig.  11.  On  this  line  locate  a 
point  at  any  convenient  distance,  as  at  w.  This  point  may 
correspond  to  any  of  the  upright  lines  or  edges  of  the  solid 


M-^ ^ ^ 5i 2^y 

represented  by  ^,  5,  C,  or  D  in  the  plan  of 
the  cube.  Since  it  is  necessary  to  begin 
from  one  of  these  edges  to  unfold  in  an 
imaginary  way  the  surfaces  of  the  cVibe,  the 
point  IV  will  be  considered  as  representing 
a  position  on  the  edge  A,  The  surfaces 
are  to  be  represented  in  their  regular  order 
in  the  development,  that  is,  the  order  in  which  they  appear 
on  the  solid  itself;  first,  the  surface  represented  in  the  plan 
by  A  B,  then  BC,  C D^  and  D  A^  in  their  natural  order  as 
they  are  shown  in  the  projection  at  the  left  of  the  line  M N, 
The  dividers  may,  therefore,  be  set  at  a  distance  equal  to 
the  length  of  the  side  A  B^  and  since  the  sides  of  the  cube 
are  equal  in  length,  the  distances  w  ,x\  ^' )\  }' ^^  andr^t'' — 
corresponding,  respectively,  to  the  sides  represented  in  the 
plan  by  A  B^  B  C,  CD,  and  DA — are  to  be  spaced  off  on 
the  line  M N. 

16.  Ivayliigr  Off  the  Stretchout.  —  That  portion  of 
the  line  M N  included  betAveen  the  points  ii>  and  iv'  is  called 
the  stretchout  of  the  cube.  A  stretchout  may  be  drawn  in 
any  position  on  the  drawing  board,  at  the  convenience  of  the 
draftsman,  but  it  is  invariably  at  right  angles  to  the  parallel 
lines  of  the  solid. 

Wherever  the  stretchout  occurs  in  the  drawings  of  this 
section,  it  is  represented  by  a  heavy  line,  as  shown  in  Fig.  11. 
It  is  customary  to  draw  a  line  of  indefinite  length  quite  near 
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the  view  of  the  solid  that  is  being  developed,  as  in  Fig.  11. 
When  the  stretchout  is  mentioned,  the  only  part  of  the  line 
referred  to  is  that  included  between  the  extreme  points  2u 
and  w\  Fig.  11,  located  to  define  the  total  width  of  the 
adjacent  surfaces.  This  operation  is  called  laying  off,  or 
developing^  the  stretchout.  It  will  be  seen  that  if  a  string 
equal  in  length  to  w  w'  should  be  stretched  around  the  cube 
in  a  horizontal  direction,  it  would  exactly  reach  the  entire 
distance,  and  the  ends  would  meet,  in  Fig.  11,  at  the 
edge  A. 

The  next  step  is  to  erect  perpendiculars  to  the  stretch- 
out M N  that  shall  pass  through  the  points  ii\  x\  j,  etc. 
and  be  produced  on  both  sides  of  the  line.  This  is  done  by 
means  of  the  triangle,  in  connection  with  the  T  square,  as 
in   Fig.    12.      The   lines  thus   drawn  are  called  edge  lines, 


Fig.  12 

since  they  represent,  in  the  development,  those  portions  of 
the  surfaces  that  would  form  the  edges  of  the  solid  if  the 
pattern  were  to  be  cut  out  and  formed  up  to  the  shape 
indicated  by  the  projections.  Edge  lines  are  to  be  repre- 
sented in  these  drawings  by  dash-and-dot  lines,  as  shcnvn  in 
Fig.  12,  similar  to  those  used  in  Practical  Projection  for 
projectors. 
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Next,  the  length  of  each  of  the  upright  edges  shown  in 
the  elevation  is  marked  off  on  its  corresponding  edge  line 
in  the  development.  This  is  readily  done  with  the  T  square, 
and,  since  each  of  the  four  edges  represented  in  the  elevation 
is  of  the  same  length,  the  T  square  may  be  brought  even 
with  the  horizontal  lines  in  that  view,  and  a  line  drawn 
from  each  across  the  development,  as  shown  in  Fig.  13. 
The  lines  thus  drawn  are  called  developers,  and  will  be  repre- 
sented in  these  drawings  by  broken  lines,  as  shown  in  Fig.  13. 
This  name  is  applied  to  them  for  the  reason  that  the  length 
of  the  edge  lines  is  determined — developed — when  a  developer 
is  drawn  from  each  extremity  of  the  edge  shown  in  the  eleva- 
tion to  its  corresponding  edge  line  in  the  development.  In 
this  case,  the  four  upright  edges  of  the  cube,  represented 
by  the  two  vertical  lines  in  the  elevation,  are  of  the  same 
length,  and  their  ends  are  in  the  same  horizontal  lines; 
therefore,  the  two  developers/^  and  r s^  drawn  from  the 
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elevation,  define  the  upper  and  lower  bound- 
aries of  each  of  the  four  upright  surfaces  of 
the  cube. 

The  development  of  four  sides  of  the  cube 
is  thus  accomplished;  and  if  desirable,  the 
other  two  sides  may  be  added  to  any  one  of  the  four  that 
have  been  developed.  Since  the  method  of  obtaining  a 
development,  as  it  is  now  called,  or  a  full  view  of  any  side 
or  surface  of  a  solid  is  alreadv  familiar  to  the  student,  no 
further  explanation  will  be  given.  In  sheet-metal  work  it 
is  generally  preferable  to  make  the  ends  (of  forms  similar 
to  the  cube)  of  separate  pieces  of  metal,  and,  on  account 
of  the  waste  of  stock,  it  will  seldom  be  found  desirable  to 
combine  all  the  surfaces  of  a  solid  in  a  single  piece.     Should 
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such  a  case  arise,  however,  the  full  view  would  be  pro- 
jected and  afterwards  copied  into  its  proper  place  on  the 
development. 

.  The  development  of  any  solid  of  this  class,  whose  bases 
are  parallel  and  at  right  angles  to  its  parallel  lines,  is  always 
a  parallelogram ;  and,  as  in  the  development  of  the  cube  in 
Fig.  13,  this  is  divided  into  smaller  parallelograms,  each 
representing  a  surface  of  the  solid. 

17.     Finishing  the  Drawing. — In  order  to  enable  the 
draftsman  to  distinguish  the  features  of  a  development  at  a 
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glance,  it  is  customary  to  define  the  outer 
edges  of  such  a  drawing  by  means  of  full 
lines,  as  is  shown  in  Fig.  14.  The  outer 
edges  are  further  distinguished  by  small 
arrowheads,  while  the  other  edge  lines  of 
the  pattern  are  marked  near  each  extrem- 
ity by  a  small  circle  drawn  by  freehand  methods,  in  the 
manner  shown,  thus  indicating  to  the  mechanic  that  the 
sheet  is  to  be  bent  along  this  line.  It  is  sometimes  desir- 
able, as  in  detail  developments  for  certain  classes  of  sheet- 
metal  work,  to  designate  the  stretchout  by  a  line  drawn 
with  a  blue  pencil,  thus  readily  attracting  the  draftsman's 
attention. 

The  mechanic  seldom  resorts  to  the  drawing  board  in 
order  to  produce  a  development  of  a  simple  solid  such  as 
the  cube,  since  the  same  result  may  be  accomplished  Avith 
the  steel  square,  the  sizes  being  marked  out  directly  on  the 
metal.  The  development  of  the  cube,  however,  has  been 
shown  in  these  illustrations,  inasmuch  as  by  the  same  princi- 
ples any  solid  of  this  class  may  be  developed.  It  may  also 
be  stated  that  the  draftsman  rarely  represents  developers 
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or  edge  lines  by  the  particular  lines  used  for  that  purpose 
in  this  section.  These  distinguishing  lines  have  been 
adopted  here  solely  for  the  purpose  of  fixing  clearly  in  the 
student's  mind  the  principles  on  which  these  drawings  are 
made.  After  these  principles  have  been  mastered,  the  use 
of  such  lines  in  practical  work  may  be  discontinued,  and 
the  student  may  then,  by  the  use  of  light  pencil  lines  only, 
proceed  with  the  development  of  such  other  solids  as  he 
may  be  called  on  from  time  to  time  to  lay  out.  These 
drawings,  when  inked  in,  should  be  completed  in  the  man- 
ner shown  in  the  illustrations. 

18.     Development    of  Intersected    Solids. — In    cases 
where  the  parallel  lines  of  a  solid  are  interrupted  by  the 


Fig.  15 


a  (f  e  d  a 

intersection  of  another  solid  or  by  a  cut- 
ting plane,  it  becomes  important  to  follow 
carefully  the  instructions  just  given;  in 
such  cases  it  is  of  extreme  importance 
that  an  exact  development  should  be 
made  on  the  drawing  board.  For  exam- 
ples of  the  development  of  such  inter- 
sected solids,  we  will  refer  to  the  figures  illustrating  the 
cutting  planes  in  their  effect  on  the  cube,  which  figures 
have  become  familiar  to  the  student  from  their  use  in  Prac- 
tical Projection.  .  Fig.  15  is  a  reproduction  of  one  of  these 
projections,  showing  the  development  of  the  parallel  sur- 
faces. Here  it  will  be  seen  that  the  development  can  be 
produced  only  from  the  elevation,  since  the  cutting  plane 
has  altered  the  solid  in  such  a  manner  as  to  admit  of  par- 
allel lines  being  drawn  in  but  one  direction. 

The  stretchout  is  drawn  as  before  and  the  width  of  the 
surfaces  spaced  off  in  the  usual  manner.  It  will  be  further 
noticed   that,   since  the  edges  of  the  cube   are  unequal  in 
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length,  it  becomes  more  important  to  observe  the  order  of 
the  surfaces  as  they  are  being  unrolled  from  the  solid. 
After  the  edge  lines  are  drawn  in  the  development,  the 
developers  are  drawn  in  the  same  manner  as  in  Fig.  13,  but 
with  this  difference :  the  lower  ends  of  the  QcigQ  lines  are 
defined  by  a  single  developer  as  before,  but  it  becomes 
necessary  to  draw  a  developer  from  the  upper  end  of  each 
edge  in  the  elevation  to  its  corresponding  edge  line  in  the 
development.  If  this  is  done  carefully,  it  will  be  seen, 
from  a  comparison  of  the  surfaces  in  the  development  with 
those  on  the  solid  in  the  elevation,  that  they  are  in  the 
same  relative  position  with  reference  to  one  another, 
although  reversed.  This  is  clearly  indicated  in  Fig.  15  by 
the  use  of  similar  capitals  and  small  letters  for  the  corre- 
sponding edges  and  edge  lines,  respectively,  in  the  projec- 
tion and  development.  Thus,  the  edge  line  a  a'  represents 
the  edge  A  ;  b  V  represents  the  edge  />,  etc.  It  will  be 
noticed,  also,  that  those  parts  of  a  development  that  come 
together  and  form  edges  or  seams  are  indicated  by  the  same 
letters.  A  similar  principle  of  lettering  these  drawings 
will  be  continued  throughout  Developrncnt  of  Surfaces^ 
since,  when  once  imderstood  by  the  student,  he  can  study 
the  drawings  intelligently  and  with  less  reference  to  the 
descriptive  text. 

In  this  drawing  of  the  cube,  another  fact  is  presented 
that  demands  care  on  the  part  of  the  draftsman ;  that  is, 
the  outer  edge  lines  in  the  development  must  be  of  the  same 
length.  It  may  seem  unnecessary  to  call  attention  to  a  fact 
so  obvious,  since  it  is  very  clear  that,  as  the  outer  edge 
lines  represent  the  same  edge  of  the  solid,  they  tnust^  there- 
fore, be  of  the  same  length  in  the  development.  It  is, 
however,  a  cause  of  frequent  error,  and  is  due  simply  to 
carelessness  in  drawing  the  developer  to  the  wrong  edge 
line.  Great  care  must  be  exercised  in  this  respect,  since  the 
accuracy  of  a  development  depends  in  no  small  degree  on 
this  feature. 

A  development  similar  to  llie  one  given  in  I'ig.  1.5  is 
shown  in  Fig.  10.     This  development  is  made  from  the  front 
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elevation  of  the  figure  in  Practical  Projection  that  shows  how 


Fig.  16 


a  plane  that  cuts  a  cube  is  represented. 
Fig.  15  shows  a  development  made  from- 
the  side  elevation  of  the  same  figure.  An 
excellent  illustration  is  here  furnished  of 
the  importance  of  all  edges  of  a  solid  be- 
ing defined  in  that  view  from  which  a 
development  is  made.  The  drawing  in 
Fig.  15  represents  the  cube  in  such  a  position  that  the 
lengths  of  all  its  parallel  edges  are  shown,  while  in  Fig.  16, 
the  length  of  the  edge  B  is  seen  only  by  the  aid  of  the 
dotted  line.  In  drawings  of  this  class,  therefore,  all  edges 
should  be  indicated,  whether  on  the  side  nearest  the  observer 
or  not.  In  such  drawings,  however,  it  is  customary  to  rep- 
resent these  hidden  edges  by  dotted  lines,  in  order  to  avoid 
confusion. 

It  frequently  happens  that  the  cutting  plane  so  intersects 
the  surfaces  of  a  solid  as  to  produce  angles  at  points  other 
than  at  the  vertical  edges  of  the  solid.  An  example  of 
this  is  found  in  Fig.  IT.  The  method  of  obtaining  the 
development  is,  in  the  main,  similar  to  that  used  in  the  pre- 
ceding cases.  From  the  plan  of  the  cube  in  Fig.  17,  how- 
ever, it  will  be  seen  that  points  are  indicated  on  the  lines 
B  C  and  C  D  denoting  the  corners,  or  points,  at  the  extrem- 
ities of  the  line  K  L.  The  distances  B  K  and  D  L  must, 
therefore,  be  i'ndicated  on  the  stretchout  MX,  as  shown  at 
X  k  and  /  ^,  the  points  in  each  case  being  located  from  b  V 
and  /-/^Z' towards  rr'.  This  is  because  the  points  A' and  L 
approach  C  in  the  plan  in  their  distances  from  B  and  /), 
respectively;  according  to  the  foregoing  instruction,  it  is 
necessary  to  define  them  in  a  position  in  the  development 
corresponding  to  that  represented  on  the  solid. 
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Parallel  lines  must  be  produced  through  the  points  k  and  / 
in  the  same  manner  as  the  edge  lines  were  drawn.  In  a 
certain  way,  these  lines  serve  a  similar  purpose,  since  they 
are  the  termination  of  certain  developers;  but  as  it  is  not 


necessary  to  bend  the  surfaces  of  the 
pattern  on  such  lines,  they  are  distin- 
guished from  the  regular  edge  lines  by 
the  term  interedge  lines.  Interedge  lines 
are  as  essential  in  determining  the  out- 
line of  a  development  as  the  edge  lines 
themselves,  and  are  to  be  distinguished  on  the  drawings  for 
this  section  by  the  dash-and-double-dot  line,  A  comparison 
of  the  projections  with  the  development  in  Fig.  17,  made  by 
looking  for  similar  capitals  and  small  letters  in  the  figure, 
will  enable  the  student  to  see  clearly  the  manner  in  which 
the  additional  spaces  are  located  on  the  stretchout,  and  also 
how  this  development  is  produced  from  the  elevation. 


19.  Importance  of  Accuracy. — The  attention  of  the 
student  has  frequently  been  called  to  the  necessity  for  accu- 
racy in  his  drawings.  If  this  is  necessary  in  the  case  of 
projection  drawing,  it  is  doubly  important  in  the  case  of 
developments.  Too  much  stress  cannot  be  laid  on  this  very 
important  feature  of  the  patterncutter's  training.  Unless 
his  drawings  are  accurate  they  are  of  no  value;  it  is,  there- 
fore, of  the  utmost  importance  that  the  patterns  for  any 
piece  of  sheet-metal  work  should  be  carefully  and  accurately 
described.  The  draftsman  may  thoroughly  understand  all 
the  principles  involved  in  projection  drawing  and  the  devel- 
opment of  surfaces;  but  if  the  work  on  the  drawing  board 
ha$  been  done  in  a  careless  manner,  the  pattern  is  as  liable 
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to  be  incorrect  as  though  it  had  been  ** guessed  at,"  or  **cut 
and  trimmed." 

There  are  few  solids  whose  development  may  be  accom- 
plished by  the  aid  of  the  limited  number  of  lines  required  in 
the  case  of  the  cube.  The  same  principles,  however,  govern 
all  solids  of  this  class,  and  it  is  necessary  merely  to  be  careful 
and  observe  the  form  of  the  solid  as  it  is  shown  in  the  pro- 
jection drawing.  The  fact  that  the  drawing  contains  many 
lines  should  not  deter  the  student  from  recognizing  each 
surface  independently  of  the  others,  although  it  may  require 
more  care  on  his  part  to  select  the  correct  lines  in  each  case. 

20.  The  Iiiia^liiatlon  a  Great  Help. — The  student's 
imagination  will  be  found  to  be  his  best  assistant  in  this 
work,  and  by  the  aid  of  the  projections  he  should  picture  to 
himself  a  model  of  the  object  represented.  Further,  he  will 
find  it  a  valuable  help  in  being  able  to  imagine  the  surfaces 
as  they  would  appear  if  a  covering  of  the  solid  were  unrolled 
and  spread  out  on  the  drawing  board  for  the  development. 
In  this  way,  the  corresponding  surfaces  on  the  solid  and  in 
the  development  may  be  compared,  and  the  student  may  be 
able  to  detect  any  errors  that  might  otherwise  escape  him. 


GEXEUAI.  UUT^ES  FOR  OBTAINING  PARALT^EL. 

DEVELOPM  ENTS 

21.  For  the  convenience  of  the  student,  and  to  aid  him 
in  the  production  of  developments  of  solids  by  means  of 
parallel  lines,  a  general  summary  of  the  important  features 
is  here  presented.  This  summary  contains  the  substance  of 
the  foregoing  instruction. 

1.  A  projection  must  first  be  drawn,  consisting  of  a  plan 
and  elevation,  showing  the  solid  in  a  right  position. 

2.  The  development  is  always  obtained  from  that  view  in 
which  the  parallel  lines  are  shown  in  their  true  lengths. 

3.  The  stretchout  is  drawn  at  right  angles  to  the  parallel 
lines  of  the  solid. 
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4.  To  indicate  the  width  and  relative  position  of  the  sur- 
faces, points  are  located  on  the  stretchout  corresponding  to 
the  place  of  those  points  in  a  view  that  represents  the  sur- 
faces on  edge. 

5.  Edge  lines  and  interedge  lines  are  always  drawn  at 
right  angles  to  the  stretchout. 

6.  Developers  are  drawn  from  each  edge  or  interedge 
represented  in  the  projection  drawing  to  the  corresponding 
edge  line  or  interedge  line  in  the  development.  The  position 
of  points  located  on  these  lines  is  determined  in  a  similar 
manner. 

7.  Interedge  lines,  when  necessary  for  the  development, 
must  be  indicated  on  the  projection  as  well  as  on  the  develop- 
ment, and  the  same  care  exercised  with  the  corresponding 
developers  as  with  those  drawn  from  edges  to  edge  lines. 

8.  The  length  of  the  outer  edge  lines  in  a  complete 
development  must  be  defined  by  the  same  developers. 

These  instructions  should  be  carefully  observed  by  the 
student,  and  if  the  work  involved  in  the  accompanyihg  prob- 
lems is  done  in  accordance  with  the  principles  just  enumer- 
ated, no  difficulties  will  be  encountered  that  may  not  be 
readily  overcome  by  careful  study  and  a  comparison  of 
the  drawings  with  these  rules. 


DRAWING    PliATE,    TITIiE :    DEVEI^OPMENTS   I 

22.  For  Development  of  Surfaces  the  student  is  required 
to  draw  five  plates,  which  are  the  same  size  as  those  drawn 
ior  Practical  Projection  and  in  accordance  with  the  same  gen- 
eral instructions.  The  titles  of  the  plates  are  given  and 
are  to  be  placed  and  lettered  in  the  same  manner  as  hereto- 
fore. The  division  lines  between  the  problems  are  to  be 
omitted,  and  in  their  place  a  general  arrangement  is  to 
be  followed  which  resembles  the  reduced  copies  of  the  draw- 
ings shown  on  the  printed  plates.    The  problems  should  first 
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be  drawn  on  separate  paper  to  the  given  sizes.  The  develop- 
ments may  then  be  drawn  in  such  positions  on  the  plates 
as  to  present  an  appearance  similar  to  that  of  the  reduced 
copies. 

These  problems  consist  mainly  of  developments  of  solids 
whose  projection  occupied  the  attention  of  the  student  in 
the  study  of  Practical  Projection.  They  have  been  selected 
for  this  purpose  because  they  are  representative  solids  whose 
development  affords  an  illustration  of  the  principles  involved 
in  patterncutting.  The  student  that  desires  to  pursue  the 
study  at  greater  length  may  find  convenient  illustrations  in 
other  objects  of  frequent  occurrence.  Desirable  practi<:;e 
may  thus  be  obtained,  and  the  practical  application  of  the 
principles  outlined  will  serve  to  fix  thera  more  definitely  in 
the  student's  mind.  No  insurmountable  difficulties  are 
likely  to  be  encountered  in  developments  thus  undertaken. 
Additional  work  of  this  kind  should  be  of  the  same  class  as 
the  developments  explained  in  the  text. 


PROBLEM  1 

S3.    To  develop  the  surfti^es  of  a  pentagonal  prism. 

A  perspective  view  of  the  prism  is  presented  in  Fig.  18. 
The  drawing  is  to  be  made  on  the  plate 
to  the  size  indicated  by  the  dimension 
figures  there  given.  The  completed  de- 
velopment is  shown  at  Fig.  1  («)  and  {b) 
on  the  plate.  First  draw  the  plan  in 
the  position  shown  and  then  the  eleva- 
\       Bl^  tion,  according  to  the  given  sizes.     Next, 

^^  draw  the  stretchout  M  N,  spacing  off  on 

its  length,  as  previously  instructed,   the 
width   of    the    surfaces;    after   this   the 
edge  lines  are  drawn,  and  finally  the  de- 
'""'■"'  velopers.     As  before,   indicate   the    edge 

lines,  and  finish  this  and  all  drawings  in  the  manner  described 
in  Arts.  16  to  18. 
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PROBLEM  2 

24.     To  develop  the  curved  surface  of  a  cylinder. 

Explanation. — No  perspective  figure  is  given  for  this 
problem,  the  cylinder  being  1^^  inches  in  diameter  and 
1^  inches  high.  Since  there  are  no  parallel  edges  presented 
on  the  curved  surface  of  the  cylinder,  it  is  necessary  to 
assume  them.  When  edges  are  thus  assumed  for  the  curved 
surface  of  any  solid,  the  corresponding  edge  lines  in  the 
development  are  represented  in  the  same  manner  as  for  the 
prism.  It  is  unnecessary,  however,  to  designate  assumed 
edge  lines  by  small  circles,  since  there  is  no  angular  bend- 
ing on  such  lines  when  the  surface  is  formed  to  the  shape 
indicated  in  the  projections. 

When  it  becomes  necessary,  on  account  of  the  intersec- 
tion of  another  solid  or  plane  with  the  cylinder,  to  represent 
intermediate  lines,  they  are  then  treated  as  interedge  lines, 
the  same  as  for  the  prism.  Edge  lines  and  interedge  lines, 
therefore,  bear  the  same  relation  to  the  development  of 
curved  surfaces  as  to  plane  surfaces.  But  it  is  necessary  to 
exercise  more  care  in  the  development  of  curved  surfaces, 
since  these  lines  are  not  so  readily  distinguished  from  one 
another  as  in  the  case  of  prisms.  Indicators  may  be  marked 
on  the  outer  edge  lines;  but,  since  the  others  are  assumed 
merely  for  the  purposes  of  development,  the  small  circular 
indicators  are  omitted.  In  the  case  of  a  regular  cylinder,  as 
in  this  problem,  it  is  unnecessary  to  project  the  edge  lines 
to  the  elevation,  and  this  work  may  be  omitted  in  the  con- 
struction of  the  problem  on  the  plate. 

Construction. — Draw  first  the  plan  and  elevation  shown 
on  the  plate  at  Fig.  2  (rt),  giving  the  figure  the  required 
dimensions.  Next,  divide  the  outline  in  the  plan  into  a 
convenient  number  of  equal  spaces  (in  this  case  16).  Draw 
the  stretchout  J/iVas  heretofore,  and  lay  off  on  this  line  an 
equal  number  of  spaces  similar  to  those  on  the  plan  of  the 
cylinder;  draw  the  edge  lines  as  shown,  and  complete  the 
development  by  drawing  the  two  necessary  developers  from 
the  elevation.  Then  finish  the  drawing  in  the  usual  mnaner, 
^s  shown  at  Fig.  2  (b). 
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PROBLEM  a 

25.     To    develop    the    surfoces    or    an     Intersected 
octa^j^tn^I  prlBni. 

Fig.  19  is  a  perspective  view  of  the  prism  projected  in 
Practical  Projection  in  order  to  show  an  octagonal  prism 
cut  by  a  plane;  the  dimensions  of  the  fig- 
ure, however,  are  slightly  changed,  as  may 
be  seen  from  the  plate.  The  drawing  of 
the  projections  is  similar  to  that  in  the 
problem  referred  to  and  may  be  com- 
pleted as  shown  on  the  plate  at  Fig.  3  {a). 
This  problem  requires  interedge  lines,  as 
m  the  case  of  the  cube  in  Fig.  17;  more 
developers,  too,  are  needed  than  are  used 
for  preceding  problems.  Aside  from 
these  features,  the  drawing  does  not 
differ  materially  from  those  that  have  pre- 
ceded it.  After  developing  the  stretch- 
'°  out,  as  in  previous  problems,  and  drawing 

the  edge  lines  and  interedge  lines  at  right  angles  to  the 
stretchout,  developers  are  drawn  from  the  several  points 
indicated  in  the  elevation;  viz.,  E",  D",  C",  etc.,  as  shown. 
Care  must  be  used  to  terminate  each  developer  on  the  line 
corresponding  to  each  edge  or  interedge,  as  the  case  may  be. 
After  this  development  is  completed,  the  student  may 
derive  some  assistance  by  cutting  out  a  paper  model  accord- 
ing to  the  lines  indicated  and  bending  it  to  conform  to  the 
octagonal  prism;  he  should  then  understand  exactly  what  is 
implied  by  the  operations  that  have  been  explained. 


urfnce   of  an    inter- 


PltOBLEM  4 

26,     To    ilevelop    the    ciirvoil    s 
seeted  t-yllnder. 

Fig.  30  is  a  perspective  drawing  of  the  intersected  cylinder 
required  for  this  development;  tlie  dimensions  in  Fig.  4  on 
the  plate  indicate  the  size  the  drawing  must  appear  thereon. 
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This  problem  is  very  similar  to  Problem  2,  the  only  difference 
being  that  it  is  necessary  to  project  the  edge  lines  to  the 
elevation  in  order  to  obtain  the  points  of 
their  intersection  with  the  cutting  plane. 
From  these  points  developers  are  drawn 
to  their  corresponding  edge  lines  in  the 
development.  The  curve  traced  through 
points  of  intersection  in  that  portion  of  the 
drawing  is  the  upper  outline  of  the  devel- 
opment. This  drawing  being  fully  shown 
on  the  plate  at  Fig.  4  (a)  and  (^),  the  stu- 
dent should  have  no  difficulty  in  comple- 
ting the  problem.  Since  the  cutting  plane 
in  this  problem  is  at  an  angle  of  45°,  the  de- 
velopment may  be  used  as  a  pattern  for  a  two-pieced  elbow. 


FiO.  80 


PROBIiEM  6 

27.  To  develop  the  surfaces  of  two  Intersecting: 
cyllnclers. 

Explanation. — Fig.  21  is  a  perspective  view  of  intersect- 
ing cylinders.  Since  the  two  cylinders  are  of  the  same 
diameter,  their  axes  intersecting,  the  lines  of  intersection 
are  represented  on  the  drawing  by  straight  lines. 

Construction. — The  projections  shown  on  the  plate  at 
Fig.  5   (a)  are    first  completed   and   an   end  view   of   the 

shorter  cylinder  projected  as  shown  at  (^). 
The  outline  of  each  cylinder  in  that  view 
in  which  it  is  represented  as  on  edge  is 
then  divided  into  a  similar  number  of 
equal  spaces  (16  in  Fig.  5).  The  points 
thus  located  for  the  purpose  of  represent- 
ing the  assumed  edges  are  then  projected 
from  each  view  to  the  elevation.  Stretch- 
outs J/ A' and  J/' ^V  are  then  developed, 
Fig.  21  and  edge  lines  are  drawn  perpendicular  to 

the  stretchout  in  each  development.     Developers  may  now  be 
drawn  from  the  ends  of  all  assumed  edges  in  the  elevation 
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to  their  corresponding  edge  lines  in  the  developments. 
Note  that  in  the  development  of  the  vertical  cylinder  the 
outline  of  the  intersection  of  the  horizontal  cylinder  is 
projected  to  any  set  of  edge  lines  desired,  the  position 
•of  the  outline,  of  the  opening  being  optional  with  the 
draftsman. 

The  development  of  the  intersecting  cylinder  could  be 
drawn  from  either  the  plan  or  the  elevation  in  this  case, 
since  the  true  length  of  the  parallel  lines  of  that  solid  is 
shown  in  either  view ;  for  the  sake  of  the  appearance  of  the 
drawing,  it  is  developed  from  the  elevation.  The  develop- 
ment of  the  intersected  solid  is  here  shown  to  be  a  parallelo- 
gram having  an  irregularly  curved  portion  outlined  in  the 
central  part  of  the  figure.  It  may  be  seen  that  the  plan  of 
the  cylinders  is  not  absolutely  necessary  for  this  develop- 
ment, since  the  edge  lines  from  each  circle  intersect  in  the 
same  points  on  the  line  of  intersection  of  the  two  cylinders. 
In  the  practical  work  of  such  developments,  therefore,  one 
of  the  full  views  may  hereafter  be  omitted. 

28.  Recapitulation. — These  five  problems  are  to  be 
copied  on  the  plate  in  the  relative  positions  indicated  on  the 
printed  copy.  Care  should  be  exercised  that  the  figures 
when  completed  occupy  central  positions  on  the  plate,  and 
an  equal  distance  should  be  left  on  all  sides  of  the  drawing. 
The  plate  will  then  present  a  neat  appearance,  and  the 
developments  may  be  easily  distinguished  from  one  another. 
When  finishing  these  drawings  on  the  plate,  the  various 
features  are  to  be  represented  as  follows: 

Represent  the  boundaries  of  figures  and  all  visible  parts 
of  solids  by  light  full  lines. 

Hidden  edges  and  hidden  intersection  lines  should  be 
represented  by  light  dotted  lines.      

Projectors,  as  heretofore,  are  to  be  indicated  by  dot-and- 
dash  lines. 

Edge  lines  are  indicated  by  dot-and-dash  lines,  used  also 
for  projectors. 
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Interedge    lines    are    indicated    by    dash -and -double -dot 

Represent  developers  by  broken  lines.    — 

Represent  the  stretchouts  by  heavy  full  lines.    


DRAWING   PLATE,   TITLE !     DEVELOPMENTS    II 


PltOBLEM  e 

39.    To  develop  the  Hurftioes  of   two   Intersecting 
prisms. 

The  prisms  developed  in  this  problem  are  the  octagpnal 
and  quadrangular  solids  whose  projec- 
tion was  given  in  Practical  Projection 
in  order  to  show  views  of  intersecting 
prisms. 

CoNSTRL-cTioN,  —  The  development 
of  Case  I  of  that  problem  is  shown  in 
Fig.  32.  Note  that  interedge  lines  are 
re()uired  for  the  development  of  both 
solids,  their  positions  being  found  by 
projectors   drawn    from   the   different 


views  of  the  drawing  to  the  full 
view  of  the  end,  as  shown  in 
FiR.  22. 

Case  II  of  the  problem  referred 
to  is  developed  in  a  similar  man- 
"■'"  ''"  ner.     A  drawing  of  the  latter  will 

form  the  first  development  for  this  plate,  and  the  projections 
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are  accordingly  reproduced  as  shown  at  Fig.  1  (a)  of  this 
plate.  In  order  to  avoid  confusion  of  lines,  projectors  are 
sometimes  drawn  as  shown  on  this  plate ;  that  is,  only  their 
starting  points  are  indicated,  as  between  the  two  views  of 
the  octagonal  prism  in  this  drawing.  Next,  develop  the 
stretchouts  for  the  two  solids,  as  at  MN  and  M'  N\  and 
draw  edge  and  interedge  lines  through  their  respective 
points.  The  positions  of  the  interedge  lines  are  found  by 
projecting  the  point  A  in  the  plan  across  to  the  full  view, 
as  shown  at  (d),  afterwards  locating  the  points  x  and  j^ 
at  x'  andy  in  (^');  thence,  they  are  projected  to  the  eleva- 
tion and  carried  to  the  development  in  the  usual  manner, 
the  resulting  figures  at  (b)  and  (c)  completing  the  develop- 
ment of  the  solids. 

The  development  of  Case  III  of  the  problem  in  Practical 
Projectioji  forms  the  second  part  of  this  problem.  These 
projections  are  reproduced  in  Fig.  2  on  the  plate  at  (a). 
In  this  case,  the  axes  of  the  solids  do  not  coincide,  and  the 
problem  has  an  appearance  of  greater  complication  than 
the  drawing  in  Fig.  1.  It  is  necessary  to  trace  out  the  line 
of  intersection  very  carefully,  and  if  this  is  done,  the  draw- 
ing of  the  remainder  of  the  problem  will  be  comparatively 
easy.  The  interedge  lines  are  determined  in  the  same  man- 
ner and  are  shown  on  the  plate  by  similar  letters.  The 
method  of  procedure  is  precisely  the  same  as  already 
explained,  the  resulting  developments  at  (b)  and  (c)  com- 
pleting the  problem. 

In  drawings  of  this  class,  the  student  will  perceive  that 
the  true  length  of  the  parallel  lines  is  found  by  projection 
drawing.  The  application  of  the  rules  found  under  the 
heading  **  General  Rules  for  Obtaining  Parallel  Develop- 
ments" is  then  sufficient  for  the  development  of  any  solid; 
and  if  this  application  is  carefully  made,  the  student  will 
meet  with  no  obstacles  that  may  not  be  readily  overcome. 

30.  Development  of  Intricate  8olids. — In  the  process 
of  developing  intricately  formed  solids,  it  becomes  neces- 
sary to  exercise   diligence  and   caution   in  the  observance 
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of  the  regular  order  of  unrolling  the  surfaces  on  the  stretch- 
out and  carefully  to  draw  the  developers  to  their  corre- 
sponding edge  lines  in  the  development.  Note  that  in 
order  to  obtain  the  outline  of  the  development  for  the  inter- 
secting solid  at  Fig.  2  (r),  a  separate  developer  is  required 
in  the  case  of  each  edge  or  interedge  of  the  solid. 


DRAWING   PI/ATE,  TITI^E:    DEVBIiOPMBNTS   JJI 


PROBLEM  7 

31.     To  develop  cylinders  that  intersect  irregrularly. 

This  problem  is  a  development  of  the  cylinders  projected 
in  Practical  Projection  to  show  views  of  intersecting  cylin- 
ders of  unequal  diameters. 

Construction. — The  principles  are  the  same  as  those 
governing  previous  developments,  but  since  many  lines  are 
required  for  the  drawing,  the  student  should  carefully  fol- 
low the  directions  in  the  order  stated.  Draw,  first,  the 
projections  as  at  Fig.  1  (a)  of  this  plate  and  carefully 
indicate  the  line  of  intersection  of  the  two  solids.  The 
development  of  the  smaller  cylinder  is  then  made.  Space 
the  outline  of  the  full  view  as  at  (b)  and  (^'),  using  16  spaces; 
number  these  points  in  a  corresponding  manner,  as  shown, 
and  project  them  to  their  adjacent  views.  Designate  the 
intersections  in  the  different  views  by  similar  numbers,  to 
avoid  confusion.  Develop  the  stretchout  J/iVin  the  usual 
way;  draw  edge  lines  and,  afterwards,  developers,  as  shown 
on  the  plate.  The  development  at  (r)  is  thus  completed, 
the  irregular  outline  there  shown  being  the  pattern  for  the 
surface  of  the  smaller  cylinder.  This  part  of  the  work  may 
be  completed  without  reference  to  the  larger  cylinder.  In 
fact,  it  may  be  considered  as  a  separate  drawing,  and  the 
student  should  take  no  notice  of  any  other  lines  on  the 
drawing  except  those  pertaining  to  the  smaller  solid.  In 
this  way  he  will  accustom  himself  to  working  on  drawings 
that  overlap  one  another. 
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A  saving  of  the  draftsman's  time  is  often  effected  by 
thus  making  developments  over  other  portions  of  the  draw- 
ing, for  if  this  were  not  jdone,  a  separate  projection  would 
be  required  for  each  development.  The  large  number  of 
lines  on  the  drawing  is,  however,  apt  to  be  confusing  to  the 
beginner,  and  is  frequently  a  cause  of  error  when  the  draw- 
ing is  transferred  to  the  metal.  Unusual  care  must  there- 
fore  be  taken  in  such  cases. 

The  development  of  the  smaller  cylinder  being  completed, 
attention  is  directed  to  the  larger  solid.  It  is  evident  that 
the  outline  of  the  development  of  the  larger  cylinder  will  be 
a  parallelogram  having  an  irregularly  outlined  portion  in 
some  part  of  the  figure.  Reference  to  the  plan  indicates 
that  the  edges  assumed  for  the  smaller  cylinder  intersect  the 
surface  of  the  larger  at  9,  10,  11,  12,  13,  H,  15,  16,  and  i, 
the  total  distance  from  9  to  1  being  one-quarter  of  the 
length  of  its  outline.  These  points  may  now  be  assumed  as 
the  edges  for  that  portion  of  the  surface  of  the  larger  cylin- 
der, the  remainder  being  spaced  off  in  the  usual  manner,  as 
A,  B,  C,  etc.  Any  convenient  point  on  the  outline  may  be 
taken  as  the  starting  place  for  the  stretchout,  the  extreme 
upper  point  of  the  plan  at  A  being  selected  in  this  case. 
Since  the  intersections  occur  only  on  the  assumed  edges  that 
are  indicated  by  the  numbered  points,  the  drawing  of  the 
edge  lines  in  the  development  may  be  omitted  through  the 
lettered  points,  the  outer  edge  lines  alone  being  necessary  to 
define  the  size  of  the  parallelogram.  Developers  are  then 
drawn  from  the  same  points  of  intersection  in  the  elevation 
used  for  the  development  of  the  smaller  cylinder,  care  being 
exercised  that  they  extend  to  their  corresponding  edge  lines 
in  the  development  of  the  larger  cylinder,  as  shown  on  the 
plate  at  Fig.  1  (d).  * 


*  It  will  be  note(f  during  the  drawing  of  this  development  that  the 
stretchouts  of  these  cylinders  are  measured  as  chord  distances.  The 
lengths  in  {d)  for  the  large  cylinder,  therefore,  will  be  slightly  different 
as  measured  from  a  to  1  when  comparison  is  made  with  the  length  1  to 
P,  and.  correspondingly,  from  A  to  H.  The  student  should  understand 
that  in  actual  shop  practice  these  chord  distances  are  equally  spaced  in 
all  quadrants  in  order  to  overcome  this  ditficulty.  The  difference  is, 
however,  so  slight  in  this  drawing  that  no  allowance  is  necessary. 
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PIIOBL.KM  8 

33.  To  develop  an  octogroiial  prism  and  an  intersect- 
ing cylinder. 

Explanation. — The  projections  given  \n  Practical  Projec- 
tion to  show  views  of  a  prism  intersected  by  a  cylinder  are 
redrawn  for  this  problem.  The  development  of  the  cylinder 
is  very  similar  to  that  of  the  smaller  cylinder  in  the  prece- 
ding problem,  as  shown  at  Fig.  %  (c).  Note  that  the  edges  1 
and  ,9,  assumed  on  the  surface  of  the  cylinder,  coincide  with 
the  edge  C  of  the  prism  ;  this  simplifies  the  development, 
and  the  student  will  have  no  difficulty  in  completing  the 
work  at  (f),  it  being  similar  to  that  described  in  the  preceding 
problem. 

Construction. — Since  the  development  of  one-half  of  the 
prism  will  serve  to  illustrate  the  principles  of  this  problem, 
four  sides  only  need  be  laid  out  on  the  stretchout.  In  this 
case,  the  edge  lines  are  to  be  drawn  and  indicated  as  such, 
in  order  that  the  distinction  between  them  and  the  inter- 
edge  lines  may  be  clearly  marked,  in  accordance  with  the 
instructions  given  under  the  heading  **  Development  by 
Parallel  Lines."  After  developing  the  stretchout  as  shown 
at  {d),  the  completion  of  the  development  is  made  in  the 
same  manner  as  heretofore. 


PROBLEM  9 

33.  To  develop  the  surfaces  of  a  cylinder  Inter- 
secting: a  sphere. 

Explanation. — The  projections  of  the  sphere  intersected 
by  a  cylinder  that  were  drawn  for  Practical  Projection  are 
here  reproduced  at  Fig.  3  {a)  on  the  plate,  but  to  a  smaller 
scale.  This  problem  introduces  no  new  element  in  the 
development  of  solids  by  parallel  lines.  It  is  given  a  place 
in  this  instruction  merely  to  show  the  student  that,  while 
the  task  of  finding  the  line  of  intersection  of  parallel-lined 
solids  with  solids  of  other  classes  may  depend  on  various 
principles  of  projection  drawing,  their  development  after  this* 
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line  has  been  produced  is  the  same  in  all  cases.  After  the 
completion  of  the  projections,  the  outline  of  the  cylinder,  as 
shown  in  the  plan,  is  divided  into  spaces  by  locating  a  con- 
venient number  of  points  ;  this  number  is  always  optional 
with  the  draftsman,  it  being  customary  to  take  as  many  as 
are  required  for  accurate  development ;  for,  of  course,  the 
more  points  there  are,  the  greater  will  be  the  accuracy. 

Construction. — In  this  case,  as  in  the  case  of  all  symmet- 
rical solids,  it  is  necessary  to  locate  points  on  but  one-half  of 
the  outline,  since  their  projectors,  if  produced,  will  fix  cor- 
responding points  on  the  remaining  portion  of  the  outline. 
The  assumed  edges  are  then  projected  to  the  elevation  and 
their  intersections  with  the  sphere  carried  by  developers  to 
the  development  at  (b).  A  similar  development  may  be 
completed  at  {b')  by  producing  the  edge  lines  to  that  figure 
and  drawing  developers  as  shown,  completing  the  problem. 

The  stretchout  line  has  been  prominently  used  in  these 
problems.  In  many  cases  it  may  be  convenient  to  develop 
the  stretchout  on  one  of  the  lines  used  for  developers,  thus 
avoiding  an  additional  line  on  the  drawing.  Generally,  in 
sheet-metal  work,  it  will  be  found  preferable  to  give  the 
stretchout  line  the  same  prominence  as  in  these  problems, 
for  reasons  that  will  be  apparent  in  the  student's  later  work. 


DEVEIiOPMENT   BY    RADIAL.   lilNES 

34.     Relation    of   the    Pyi-ainld    to   the   Cone. — We 

now  come  to  the  second  general  division  of  those  solids 
whose  development  may  be  accurately  accomplished — that 
is,  solids  developed  on  radial  lines.  It  is  here  proposed  to 
show  the  relation  borne  by  the  pyramid  to  the  cone,  since 
the  methods  of  development  of  both  solids  are  similar.  In 
the  development  of  the  cylinder,  its  curved  outline  was 
divided  by  points  into  a  number  of  equal  parts.  These 
points  in  the  plan  were  then  projected  to  the  elevation  and 
there  considered  as  assumed  edges;  in  other  words,  the 
cylinder  was  treated  as  a  many-sided  polygonal  solid,  this 
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solid  appearing  inscribed  within  the  cylinder..  In  a  similar 
manner  we  shall  now  consider  the  pyramid  as  an  inscribed 
solid  in  its  relation  to  the  cone.  This  may  be  better  under- 
stood by  reference  to  Fig.  33  {a),  (^),  and  {c). 


The  removal  from  the  cone  at  (a)  of  the  pieces  marked  x 
leaves  a  solid  that  may  be  recognized  as  a  quadrangular 
pyramid — better  shown  at  {^),  the  pieces  being  reihoved 
and  shown  in  an  adjacent  position.     The  illustration  at  (c) 
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is  a  perspective  elevation  of  the  parts  shown  at  {a)  and  (d), 
and  is  introduced  for  the  purpose  of  showing  the  relation 
between  the  cone  and  the  pyramid  to  better  advantage. 
Comparing  these  two  solids  in  the  figure,  it  will  be  seen  that 
the  edges  of  the  pyramid  at  {b)  correspond  to  certain  elements 
of  the  cone  at  (a).  Further,  it  will  be  seen  that,  if  the  cone 
is  covered  with  paper,  as  in  Fig.  24,  and  the  position  of  the 
elements  noted,  the  paper  afterwards  being  unrolled  as 
shown,  the  elements  may  be  imagined  as  leaving  their 
imprint  on  the  paper,  as  at  o  a,  o  b,  etc.,  Fig.  24.  The  posi- 
tion of  these  imprints  will  correspond  relatively  to  the  loca- 
tion of  the  elements  on  the  surface  of  the  solid.  A  figure 
similar  to  the  unrolled  covering  may  be  described  by  the  aid 


Fig.  24 

of  the  compasses,  the  boundaries  of  the  development  being 
defined  by  the  position  of  any  element  chosen  at  pleasure, 
notice  being  taken  of  the  first  and  last  contact  of  such  ele- 
ment with  the  drawing  during  a  single  revolution  of  the 
cone.  The  raffias  of  the  arc  thus  described  is  always  equal 
to  the  true  length  of  an  element,  while  its  length  is  equal  to 
the  circumference  of  the  base  of  the  cone. 

Suppose,  now,  that  the  surface  of  the  pyramid  shown  at 
Fig.  23  (b)  is  covered  in  a  similar  manner,  the  covering  being 
afterwards  unrolled  as  shown  in  Fig.  25.  It  will  be  found 
that  an  arc  described  with  a  radius  equal  to  that  used  for 
the  development  of  the  cone  in  Fig.  24 — that  is,  equal  to  the 
true  length  of  an  edge  of  the  pyramid — will  pass  through 
the  points  a,  h,  r,  d,  and  a\  representing  the  lower  extremi- 
ties of  the  upright  edges  of  the  pyramid.     These  points  are 
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equally  distant  from  one  another  as  measured  on  the  arc. 
This  may  be  proved  by  setting  the  dividers  at  a  distance 
equal  to  the  length  of  the  base  edge  of  the  pyramid  and 
stepping  off  the  spaces  on  the  arc.  The  only  difference 
between  the  developments  for  these  two  solids  lies  in  the  fact 


FlO.  25 

that,  for  the  cone^  the  development  is  defined  by  the  circular 
arc,  while  in  the  case  of  the  pyramid,  straight  lines  are 
drawn  between  the  points  a,  b,  r,  etc.,  as  shown  in  Fig.  25. 
These  developments  will  be  completed  in  a  later  problem. 

• 

36,  Stretchouts  for  Radial  Solids.  —  Since  the  dis- 
tance around  the  bases  of  the  cone  and  the  pyramid  may 
be  measured  on  an  arc  whose  radius  is  equal  to  the  length 
of  one  of  the  elements  of  the  cone  (or,  in  the  case  of  the 
pyramid,  to  the  length  of  one  of  its  upright  edges),  such 
an  arc  may  be  described  for  the  stretchout  of  these  solids. 
The  measurement  around  the  solid  being  taken  on  a  partic- 
ular line,  or  base  plane,  it  may  here  be  observed  that  any 
real  or  assumed  base  plane  of  a  cone  or  pyramid  may  be 
treated  in  a  similar  manner.  The  length  of  the  radius  by 
which  the  stretchout  is  described  must  in  all  cases  be 
equal  to  the  true  length  of  the  elements  in  that  portion  of 
the  solid. 

This  is  illustrated  in  Fig.  26,  the  cone  O  A  B  being  devel- 
oped along  a  stretchout  described  with  the  radius  OB.  An 
assumed  base  may  be  taken  at  C  /^;  an  arc  is  then  described 
from  the  center  (7  with  the  radius  O  D  (O  D  being  the  true 
length  of  the  elements  of  the  cone  O  CD).  If  the  width 
of  a  space  between  the  elements  on  the  assumed  base  CD 


40      DEVELOPMENT  OF  SURFACES     g  18 

(measured  on  the  plan)  is  taken  in  the  dividers  and  spaced 
off  on  the  arc  D  F,  the  spaces  will  be  found  to  coincide  with 
the  intersection  of  the  elements  in  the  development  drawn 
from  the  arc  B  E.  The  same  will  be  found  true  for  any 
right  base  that  may  be  assumed  for  the  cone.  As  a  matter  of 
precaution,  it  is  customary,  when  drawing  developments  of 
_  the  radial  solids,  to  de- 

scribe the  stretchout 
with  as  long  a  radius 
as  possible,  usually  not 
exceeding  the  length  of 
the  elements  or  edges 
shown  in  the  draw- 
ing. For  reasons  that 
will  be  shown  during 
the  construction  of  the 
problems,  it  is  con- 
venient to  locate  the 
center  for  describing 
the  stretchout  at  the 
vertex  of  the  solid. 

36.    Revolntlon 
of    Radial    Solids.— 

During  the  study  of 
projection  drawing,  it 
was  learned  that  meas- 
urements for  all  dis- 
tances and  the  posi. 
^'°*  *  tion  of  points  on  the 

surfaces  of  cones  and  pyramids — radial  solids — are  deter- 
mined by  means  of  their  radial  lines,  or  elements.  Thesame 
principle  must  be  adhered  to  when  developments  of  such 
solids  are  produced.  It  is  essential,  therefore,  that  these 
lines  should  be  shown  intheir  true  lengths  on  drawings  from 
whiclrsuch  developments  are  produced.  This  will  necessi- 
tate much  work  on  the  part  of  the  draftsman,  especially  if 
the  surfaces  are  in  any  way  irregular  or  are  intersected  by 
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other  solids.  To  overcome  the  necessity  for  drawing  a 
number  of  views,  advantage  is  taken  of  a  principle  that 
may  be  observed  during  the  revolution  of  the  solid.  This 
revolution  is  effected  in  a  very  simple  way  on  the  drawing 
board,  and  an  illustration  of  the  method  used  is  furnished 
in  Fig.  27.  The  student  will  understand,  from  an  inspec- 
tion of  that  figure,  that  if  the  cone  O  A  JS  is  revolved  on 
its  axis  in  the  direction  of  the  arrow,  the  motion  of  any 
point  on  its  surface  will  be  indicated  on  the  elevation  by 
a  horizontal  line.  When  any  elements  of  the  cone  are  in 
the  positions  occupied  by  the  elements  O  A  and  O  B,  their 
true  lengths  are  shown  on  the  elevation,  and  measurements 
may,  therefore,  be  taken  from  such  lines  or  from  any  points 
located  on  these  lines.  Lines  in  this  position  may  be  called 
true  edge  lines^  their  use  under  this  name  being  peculiar  to 
the  radial  solids. 

When  developing  the  surfaces  of  pyramids  shown  in  cer- 
tain positions,  it  is  sometimes  necessary  to  draw  this  tfue 
edge  line  independently  of  the  figure.  A  problem  illustra- 
ting this  principle  is  given  on  the  following  plate.  Since  the 
elements  of  a  cone  are  equal  in  length, 
the  position  of  any  point  that  may  be 
located  on  any  of  these  elements  (as  ;r, 
located  on  the  element  O  C,  Fig.  27) 
may  be  projected  in  a  horizontal  direc- 
tion to  the  true  edge  line  at  x'\  and  its 
correct  distance  from  the  vertex  O  be 
there  ascertained.  The  point  x\  there- 
fore, could  be  projected  to  either  ele- 
ment O  A  or  O  B^  but  the  supposed  rev- 
olution is  generally  represented  as  being 
made  towards  the  true  itCi%^  line  that  is 
nearest  the  point  whose  location  it  is  de- 
sired to  determine,  although  in  Fig.  27 
the  point  x  is  moved  in  the  opposite 
direction.  Thus,  in  Fig.  27,  if  it  is  de- 
sired to  determine  the  exact  distance  of 
the   point   x  from    the    vertex   6>,   the  pio.  ^ 

C.    JV.--JJ 
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horizontal  line  ^  jr"  is  drawn  in  the  elevation,  and  the  distance 
from  the  point  O  to  the  point  x"  is  then  the  exact,  or  true, 
distance  between  the  two  points.  The  same  result  would 
be  obtained  if  an  elevation  were  drawn  showing  the  ele- 
ment O  C  in  its  true  length ;  but  as  seen  from  the  foregoing 
explanation,  the  method  here  explained  is  much  shorter  and 
better  adapted  to  the  wants  of  the  draftsman. 

37.  Use  of  Construction  Lilnes. — In  the  development 
of  radial  solids,  the  same  construction  lines  are  used  as  in 
obtaining  the  developments  for  parallel  solids,  although  in  a 
slightly  different  manner.  Since  the  stretchout  line  has 
been  shown  in  its  adaptation  to  the  development  of  these 
solids,  it  may  be  represented  in  a  similar  manner  on  the 
drawings.  Developers  also  are  indicated  by  the  same  kind 
of  broken  lines  used  in  the  preceding  class,  but,  like  the 
stretchout,  they  are  described  in  the  form  of  arcs,  and  must 
be  produced  from  an  element  or  edge  that  is  shown  in  its 
true  length.  In  a  similar  manner,  these  developers  are 
drawn  to  the  development,  arcs  being  described  extending 
from  points  on  edges  or  interedges,  as  the  case  may  be,  to 
their  corresponding  edge  lines  or  interedge  lines  in  the 
development.  When  edge  lines  and  interedge  lines  occur, 
they  converge  to  a  point,  and  are  the  radial  lines  by  which 
this  class  of  solids  is  distinguished.  Such  edges  and  inter- 
edges are  represented  by  lines  similar  to  those  used  for  the 
same  purpose  in  parallel  developments  and  refer  to  the  same 
corresponding  portions  of  the  solid. 


GENERAL.  RULES  FOR  OBTATXING  RADIAL 

DEVELOPMENTS 

38,  A  slight  modification  of  the  rules  for  obtaining 
developments  on  parallel  lines  is  here  applied  to  the  develop- 
ment of  radial  solids.  In  connection  with  the  foregoing 
instruction,  a  comparison  of  the  two  sets  of  rules  will 
enable  the  student  to  understand  the  principles  by  which 
these  developments  may  be  accomplished, 
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1.  A  projection  must  first  be  drawn,  consisting  of  a  plan 
and  elevation  and  showing  the  solid  in  a  right  position. 

2.  The  development  is  always  obtained  from  that  view  in 
which  the  axis  of  the  solid  is  shown  in  its  true  length  (since 
the  revolution  of  the  solid  may  not  readily  be  shown  in  any 
other  view). 

3.  The  stretchout  is  described  with  a  radius  equal  to  the 
length  of  the  true  edge  of  the  solid.  Its  center  may  be 
conveniently  located  at  the  vertex. 

4.  To  indicate  the  width  and  relative  position  of  the  sur- 
faces, points  arc  located  on  the  stretchout  corresponding  to 
the  position  of  those  points  on  the  outline  of  a  sectional  or 
base  view.  This  view  must  be  taken  at  right  angles  to  the 
axis  of  the  solid,  the  distance  from  the  vertex  being  deter- 
mined by  the  length  of  the  true  edge  lines  in  the  elevation. 

5.  Edge  lines  and  interedge  lines  are  always  radii  of  the 
stretchout  arc. 

6.  Points  located  on  the  surface  of  the  solid  must  be  pro- 
jected to  the  true  edge  line  by  projectors  drawn  at  right 
angles  to  the  axis. 

7.  Developers  are  described  with  radii  equal  to  the  dis- 
tances on  a  true  edge  line  from  the  vertex  to  the  points  pro- 
jected to  such  edge  line.  Each  developer  extends  thence 
to  its  corresponding  edge  line  or  interedge  line  in  the 
development. 

8.  Interedge  lines,  when  necessary  for  the  development, 
must  be  indicated  on  the  projection  as  well  as  on  the  develop- 
ment. Points  located  on  such  lines  are  projected  to  the 
true  edge  lines  and  thence  developed  in  the  usual  manner. 

9.  The  lengths  of  the  outer  edge  lines  in  a  complete 
development  of  a  solid  must  be  defined  by  the  same 
developers. 

The  application  of  these  rules  will  be  made  apparent  to 
the  student  in  the  construction  of  the  following  problems, 
which  involve  the  development  of  radial  solids, 
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DRAWIXG   PliATE,  TITLE  :    DEVEIiOPMEXTS  IV 


PROBLEM  10 

39.    To  develop  the  surface  of  a  cone. 

Construction. — Draw  a  plan  and  an  elevation  of  the  cone, 
as  shown  at  Fig.  1  on  the  plate.  The  cone  is  there  shown 
in  a  right  position,  the  dimensions  being  IJ  inches  in  diam- 
eter at  the  base  and  2  inches  high.  The  true  length  of  its 
axis  is  shown  in  the  elevation,  and  the  development  is  there- 
fore made  from  that  view.  Divide  the  outline  of  the  base  in 
the  plan  into  a  convenient  number  of  equal  parts  (in  this 
case  12) ;  from  the  vertex  O'  of  the  cone  as  a  center,  describe 
the  stretchout  arc  B'  a'  with  a  radius  equal  to  the  true  length 
of  the  elements  of  the  cone  (that  is,  the  distance  O'  B'  in 
the  elevation).  With  the  dividers,  take  the  length  of  one  of 
the  equal  spaces  in  the  plan,  and,  starting  at  a  convenient 
point  on  the  stretchout,  as  at  a,  step  off  spaces  equal  in 
number  to  those  on  the  plan,  thereby  making  the  length  of 
the  stretchout  equal  to  the  circumference  of  the  base  of  the 
cone.  From  each  of  the  points  thus  located  on  the  stretch- 
out, an  edge  line  may  be  drawn  to  the  vertex  O' ;  but  since 
there  are  no  points  on  the  surface  of  the  cone  that  it  is  desir- 
able to  locate  in  this  instance,  only  the  outer  edge  lines  ^  O' 
and  (7'  O'  need  be  inked  in  on  the  drawing.  These  lines  are 
to  be  further  indicated  by  means  of  the  small  arrowheads 
(as  in  the  case  of  parallel  solids)  illustrated  on  the  plate 
in  Fig.  1.     This  completes  the  development. 


PROBLKM   11 

40,  To  develop  tlie  surfaces  of  a  quadraug^ular 
pyramid. 

Construction. — This  development  is  shown  on  the  plate 
at  Fig.  2,  the  right  plan  and  elevation  being  first  drawn 
according  to  the  dimensions  given  in  the  figure.  It  will 
be  seen  that  the  true  length  of  the  edge  is  shown  in  the 
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elevation;  the  stretchout  may,  therefore,  be  described  as  in 
the  case  of  the  cone  in  the  preceding  problem.  After  set- 
ting the  dividers  to  the  width  of  one  of  the  base  edges  shown 
in  the  plan  at  A  B^  Fig.  2,  begin  at  a  and  step  off  on  the 
stretchout  line  spaces  equal  in  number  to  the  base  edges 
of  the  pyramid.  Thus,  points  are  located  at  a^  b,  f,  d,  and^'. 
Draw  lines  connecting  these  points  in  the  manner  shown, 
and  draw  other  lines  from  each  of  these  points  to  the 
vertex  O' .  In  this  case  the  edge  lines  must  be  drawn  in 
the  development,  since  there  are  actual  edges  on  the  solid ; 
besides,  it  is  necessary  to  define  those  portions  of  the  devel- 
opment as  indicated  on  the  plate.  Complete  the  drawing 
in  the  manner  shown,  the  outline  O'  abcda  being  the 
development  of  the  pyramid. 


PROBLEM  18 

41.  To  develop  the  surfaces  of  an  octagonal  pyra- 
mid. 

Explanation. — The  base  of  the  pyramid  whose  dimen- 
sions are  given  in  Fig.  3  on  the  plate  is  not  a  true  octagon, 
the  alternate  sides  only  being  equal.  It  will  be  seen, 
however,  that  the  octagon  may  be  circumscribed  by  a 
circle;  that  is,  a  circle  may  be  described  in  the  plan 
from  the  center  (9  with  a  radius  O  A,  whose  outline  will 
pass  through  all  the  points  A^  B,  C,  D,  etc. ;  therefore, 
the  development  of  the  solid  may  be  accomplished  by  this 
method. 

Construction. — The  true  length  of  the  edge  lines  is  not 
shown  in  either  view  presented,  and  it  is  therefore  necessary 
to  draw  a  line  that  will  represent  the  true  edge  in  the  eleva- 
tion. This  is  found  as  follows:  From  O  as  a  center,  with 
the  radius  O  H,  describe  the  arc  II  II\  intersecting  a 
line  O  ir  (drawn  parallel  to  the  base  line  of  the  front  eleva- 
tion) at  //';  project  the  point  //'  to  the  base  line  of  the 
front  elevation  (extended)  at  //";  C^' //"  is  then  the  true 
length  of  an  edge  of  the  pyramid,  and  is,  at  the  same  time. 
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the  length  of  the  stretchout  radius.  Next,  describe  the 
stretchout  with  this  radius  from  the  vertex  O'  as  a  center; 
then  space  off  the  width  of  the  surfaces  shown  on  the'  base 
in  the  plan,  as  at  a,  //,  g,  f,  etc.,  and  complete  the  develop- 
ment as  directed  in  the  preceding  problem. 


PROBLEM    18 

43.  To  develop  the  surfaces  of  an  irregular  fims- 
tum  of  a  hexagonal  pyramid. 

Construction. — The  projections  shown  in  Fig.  4  on  the 
plate  are  first  drawn  in  accordance  with  the  dimensions 
there  given,  thus  producing  a  right  plan  and  elevation  of 
the  frustum.  In  this  and  all  similar  developments,  it  is 
desirable  to  extend  the  edges  of  the  pyramid  to  the  vertex 
of  the  solid.  Since  the  drawing  does  not  show  the  true 
length  of  the  edge,  this  must  first  be  found  by  the  method 
described  in  the  preceding  problem,  and  produced  as  shown 
in  the  elevation  at  O'  a.  The  points  in  the  upper  portion  of 
the  solid,  at  B\  C\  D\  are  then  projected  to  the  true  edge 
line  at  B'\  C",  and  D".  The  stretchout  is  next  described 
from  O'  as  a  center  with  a  radius  O'  a ;  the  widths  of  the  sur- 
faces are  then  laid  off  at  a,  b,  f,  d^  etc.,  and  the  corresponding 
edge  lines  are  then  drawn.  Developers  are  now  described 
from  B'\  C'\  and  D'\  as  previously  directed,  the  intersec- 
tions with  their  corresponding  edge  lines  being  noted  at 
b'  a\  c'  f\  and  d'  e'.  Complete  the  development  by  drawing 
its  full  outline  and  adding  the  indicators  in  the  manner 
shown. 


PROBLEM    lA 

43.     To  develop  an  irregular  frustum  of  a  cone. 

Two  developments  are  required  for  this  problem,  one  of 
them  beinp^  fully  described  and  the  other  to  be  drawn  by  the 
student  as  a  test  of  his  advancement. 
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Construction. — The  projection  drawings  for  the  first 
development  are  shown  on  the  plate  at  Fig.  5,  that  portion 
of  the  cone  representing  a  parabolic  section  being  presented 
for  development.  In  this,  as  in  the  preceding  case,  the 
completion  of  the  figure,  as  shown  by  the  broken  lines,  must 
first  be  made.  Proceed  then  as  if  the  complete  cone  were 
to  be  developed;  that  is,  divide  the  outline  of  the  base  in 
the  plan  into  a  number  of  equal  spaces,  observing  that  cer- 
tain of  the  points  fall  on  the  ends  of  the  parabolic  curve  (as 
at  /^and  B  in  the  plan.  Fig.  5).  The  elements  of  the  cone 
are  then  produced  in  the  elevation,  their  intersections  with 
the  edge  of  the  frustum  at  b'\  c'\  d'\  etc.,  being  then  pro- 
jected as  before  to  the  true  edge  line.  As  in  former  prob- 
lems, the  stretchout  is  next  described  and  spaced  off,  and 
edge  lines  are  drawn.  Developers  may  now  be  described 
as  shown  on  the  plate  and  the  development  completed  in 
the  usual  manner.  The  irregular  curve  is  now  traced 
through  the  points  thus  determined.  The  projection  draw- 
ings for  the  second  development  of  this  problem  are  shown 
on  the  plate  at  Fig.  6,  and,  since  the  methods  used  are  the 
same  as  in  the  case  just  described,  the  development  may  be 
completed  by  the  student  without  further  instruction. 


PROBLEM    16 

44,    To  develop  the  surfaces  of  intersecting:  cones. 

The  projections  for  this  problem  are  shown  on  che  plate 
at  Fig.  7.  They  should  first  be  carefully  drawn  by  the 
student,  the  line  of  intersection  being  accurately  determined 
by  the  method  for  finding  the  intersection  of  two  cones  that 
was  given  in  Practical  Projection.  After  this  line  has  been 
found,  all  construction  lines  used  in  the  projection  should 
be  erased  from  the  drawing;  if  this  is  not  done,  confusion 
is  liable  to  result. 

Construction. — The  development  of  these  surfaces  does 
not  differ  materially  from  those  in  the  preceding  problem, 
as  an  inspection  of  Fig.  7  will  indicate.  First  draw  the 
development  of  the  surface  of  the  smaller  cone;  extend  the 
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edge  lines  in  the  elevation  to  the  vertex  0\  as  shown; 
extend  them  also  to  the  assumed  base  a  e  and  produce  the 
full  view  of  the  base  in  the  manner  indicated  by  the  broken 
lines  at  («),  using  only  one-half  of  the  circumference.  The 
semi-circumference  is  then  spaced  off  as  at  a^  b^  c,  d,  and  e\ 
b^  r,  and  ^are  then  projected  to  the  base  line  a  c\  and  the 
elements  V  0\  c'  0\  and  d'  O'  are  drawn  as  shown.  The 
intersections  of  these  elements  with  the  line  of  intersection 
of  the  two  solids  are  then  projected  to  the  true  edge  of  the 
smaller  cone,  at  a"y  b'\  etc.  A  stretchout  for  this  solid  is  next 
described  from  the  vertex  O'  as  a  center  with  a  radius  (9'  e\ 
the  points  a^  by  r,  etc.  at  {b)  are  located  by  spacing  the 
stretchout ;  and  the  distances  a  b^  be,  etc.  are  taken  from 
the  full  view  at  («).  Next,  draw  the  edge  lines  a  0\  b  0\  c  (?', 
etc.  at  {b) ;  and  from  points  a'\  b'\  etc.  describe  developers 
in  the  manner  shown.  The  irregular  curve  at  {ti)  is  then 
traced,  completing  the  development  for  this  solid. 

As  a  matter  of  convenience  in  this  case,  the  development 
of  the  larger  cone,  or,  rather,  as  much  of  its  surface  as  will 
show  the  opening  made  by  the  intersection  of  the  smaller 
cone,  may  be  drawn  to  the  right  of  the  projections,  as  at  (c). 
Now  draw  the  horizontal  center  line  in  the  plan  and  from 
the  center  of  the  plan  draw  a  line  tangent  to  the  line  of 
intersection  of  the  cones,  marking  the  point  where  this  line 
meets  the  base  4'.  Divide  i'-^'  into  a  convenient  number 
of  parts  (in  this  case  3)  and  project  the  points  1\  2\  S\  Jf!  to 
the  elevation.  Draw  elements  from  O"  to  the  projected  points 
and  mark  the  points  where  these  elements  cross  the  line 
of  intersection  of  the  cones  1,  '2,  3,  Jf,  J,  6,  and  7.  The 
points  i',  '^\  3\  Jf!  in  the  plan  establish  the  width  of  the 
spaces  that  shall  be  stepped  off -on  the  stretchout.  Describe 
the  stretchout  from  the  center  0'\  as  shown  at  {c),  and  on 
this  line  set  off  the  spaces  determined  in  the  plan  at  i',  2\  S\ 
and  4\  'ii^^i  repeat  them  on  both  sides  of  the  edge  line  1  0'\ 
as  indicated  at  (r)  Project  the  points  /,  2,  J,  etc.  to  the 
right-hand  true  edge  line  of  the  elevation  and  carry  them 
thence,  by  developers,  to  the  drawing  at  (t),  completing  the 
development  as  there  shown. 
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The  student  will  readily  perceive  that  if  the  line  of  inter- 
section of  the  two  cones  is  not  correctly  drawn,  the  true 
development  cannot  be  produced,  since  the  drawing  depends 
entirely  on  the  line  thus  determined.  If  these  points  are 
incorrectly  located,  the  development  is  necessarily  wrong. 
The  importance  of  having  a  correct  projection  is  thus  evident. 

45.  IIo>v  to  Recognize  Kadlal  Forms. — Since  many 
objects  of  frequent  occurrence  in  the  trades  are  portions  of 
the  cone  or  pyramid,  the  student  should  familiarize  himself 
with  the  appearance  of  such  frustums.  Many  objects  rep- 
resent a  combination  of  the  surfaces  of  cones  of  unequal 
sizes,  and  at  first  sight  it  might  appear  that  their  develop- 
ment should  be  produced  only  by  triangulation.  But  an 
experience  in  the  projection  of  cones  and  conic  sections  will 
often  enable  the  student  to  refer  such  sections  to  the  appro- 
priate form,  in  many  cases  thereby  avoiding  a  tedious  proc- 
ess of  development. 

The  representation  of  the  elements  of  the  cone  in  both 
plan  and  elevation  will  determine  the  method  to  be  used  in 
the  development  of  a  given  solid.  In  a  certain  case,  a  num- 
ber of  vertexes  may  be  defined;  each  cone  is  then  to  be 
traced  out  carefully  and  the  development  of  its  surface  made, 
or  as  much  of  that  surface  as  is  required  for  the  object  in 
view,  the  operation  being  similar  to  that  of  the  preceding 
problems. 


TRIANGUTjATION 

46.     Klementary     Principles.  —  Trlanjonilatlon' —  the 

process  by  which  the  development  of  solids  belonging  to  the 
third  general  division  is  accomplished — is  generally  regarded 
by  sheet -metal  workers  as  particularly  intricate  and  difficult. 
It  is,  on  the  contrary,  a  very  simple  method  of  develop- 
ment, and  should,  to  the  student  that  thoroughly  under- 
stands the  principles  of  projection,  present  no  serious 
obstacles.  This  process  depends  for  its  results  ' 
eral  principles,  both  of  which  have  been  men 
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section:  first ^  to  find  the  true  length  of  all  lines,  real  or 
assumed,  appearing  on  the  surfaces  of  the  solid;  second^ 
having  determined  the  true  length  of  such  lines,  to  con- 
struct triangles  similar  in  form  and  relation  to  those  shown 
on  the  solid. 

Certainly,  the  construction  of  a  triangle  whose  three  sides 
are  given  is  not  a  difficult  problem ;  and  the  task  of  finding, 
from  the  projection  drawing,  the  true  lengths  of  its  sides 
involves  nothing  but  the  elementary  principles  of  that 
study.  Having  found  the  true  lengths  of  the  sides  of  such 
triangles  as  are  involved  in  a  development,  nothing  appar- 
ently remains  but  to  show  the  method  of  arranging  the 
triangles  in  their  proper  relation  to  one  another  on  the 
different  surfaces  of  the  solids.  Since  this  is  naturally  sug- 
gested by  the  shape  of  the  solid  itself,  several  solids  are 
presented  in  the  accompanying  problems,  from  the  study  of 
which  the  student  should  learn  to  apply  the  principles  to  the 
development  of  any  solid  of  this  class. 

47.  Illustration  of  Method^  Used. — This  method  of 
development  has  been  previously  mentioned,  and  while  this 

principle  of  patterncutting  is 
usually  applied  to  solids  having 
curved  surfaces,  it  is  best  illus- 
trated by  its  application  to  a 
solid  having  plane  surfaces. 
Such  a  solid  is  shown  in  Fig.  28, 
^'°-  ^  where  a  perspective  view  is  given 

of  what  may  be  termed  a  transition  piece — that  is,  a  piece 
used  to  connect  openings  of  different  sizes,  as  in  pipework. 
Both  bases  are  rectangular  and  in  this  case  parallel,  but 
diagonally  arranged  in  their  relation  to  each  other,  as  may 
be  seen  from  the  figure. 

It  is  at  once  seen  that  none  of  the  methods  described 
under  the  headings  of  parallel-  or  radial-lined  solids  will 
apply  to  the  development  of  the  lateral  surfaces  of  this  solid, 
although  it  is  possible  to  project  a  full  view  of  each  of  the 
surfaces  shown  in  the  figure.     Since  this  would  require  an 
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unusual  amount  of  work  on  the  part  of  the  draftsman,  the 
following  process,  admitting  of  more  rapid  application,  is 
presented. 


48,  Determining:  the  Triangles. — Clearly,  a  repro- 
duction of  these  triangular  surfaces  on  the  flat  surface  of 
the  drawing  board,  in  the  same  corresponding  relation  with 
reference  to  one  another,  will  be  a  development  of  the  solid. 
Apparently,  the  only  difficulty  that  presents  itself  is  the 
fact  that,  in  certain  cases,  the  sides  of  the  triangles  are  not 
shown  in  their  true  lengths.  It  is  necessary  to  determine 
the  true  lengths  of  all  lines,  in  order  that  the  triangles  may 
be  constructed  of  the  same  size  as  they  are  on  the  surfaces 
of  the  solid. 

As  in  all  cases  where  a  development  is  desired,  a  right 
plan  and  elevation  must  first  be  drawn.  This  is  shown  in 
Fig.  29,  and  from  that  illustra- 
tion it  is  seen  that  all  lines  of 
the  solid  that  appear  on  either 
base  are  shown  in  their  true 
lengths.  It  is  therefore  neces- 
sary, before  the  triangles  may 
be  produced,  to  determine  the 
true  lengths  of  the  remaining 
lines  of  the  solid.  As  mentioned 
in  Practical  Projection^  this  is 
most  readily  accomplished  by 
constructing  in  each  case  a 
right-angled  triangle  whose  base 
is  equal  to  the  length  of  any 
foreshortened  line  in  the  plan, 
and  its  altitude  to  the  vertical 
height  of  the  same  line,  as  shown  in  the  elevation.  The 
hypotenuse  of  such  a  triangle  will  then  be  equal  to  the  true 
length  of  the  line.  In  this  case,  the  lines  A  If,  D  //,  A  li,  B  E^ 
etc.,  foreshortened  in  the  plan,  are  all  represented  by  lines 
of  the  same  length.  The  vertical  height  J/,  Fig.  29,  is  the 
same  in  the  case  of  each  line. 
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A  single  triangle  constructed  by  the  above  method,  there- 
fore, will  be  sufficient  to  indicate  the  true  length  of  all  lines 

not  shown  in  their  true  length  in  Fig.  29. 
Such  a  triangle  is  constructed  in  Fig.  30; 
the  base  of  the  triangle  A  //,  Fig.  30,  is 
equal  to  the  length  of  A  //,  Fig.  29,  the 
altitude  M  being  the  same  as  Afy  Fig.  29. 
The  hypotenuse  of  this  triangle  is  therefore 
the  true  lengths  of  the  lines  A  H^  D  H^  etc., 
as  shown  in  Fig.  29.  The  true  lengths  of  all  lines  border- 
ing the  triangular  surfaces  of  the  solid  shown  in  Fig.  29 
having  been  found,  the  triangles  may  now  be  constructed 
on  the  drawing,  care  being  observed  that  the  adjacent 
triangles  are  completed  /;/  the  same  order  as  they  are  shown 
on  the  solid.  Any  edge  of  the  solid  may  be  assumed  as  a 
starting  place  for  the  operation ;  the  true  length  of  such  an 
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Fig.  31 

edge  is  then  laid  off  on  a  line  as  at  A  E,  Fig.  31.  The  tri- 
angle A  EB,  Fig.  31,  is  first  constructed;  the  length  of  the 
side  A  E  being  laid  off,  and  B  E,  Fig.  29,  being  of  the  same 
length,  an  arc  may  be  described  in  Fig.  31  from  E  as  a  cen- 
ter, with  a  radius  equal  to  E  A.  Intersect  this  arc  at  /?, 
Fig.  31,  with  one  described  from  A  as  a  center,  with  a 
radius   equal    to  A  B,  Fig.  29.     Draw  A  B  and  E  B,  thus 
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developing  the  triangle  A  E  B,  Fig.  31,  which  is  the  correct 
development  of  the  surface  A  E  Z?,  Fig.  29. 

The  adjacent  triangle  E  B  F,  Fig.  31,  may  next  be  con- 
structed. Since  B  F  is  equal  to  B  E,  Fig.  29,  an  arc  may  be 
described  in  Fig.  31  from  B  as  a  center,  with  a  radius  BE; 
this  arc  is  then  intersected  by  an  arc  described  from  E  as  a 
center,  with  a  radius  equal  to  the  length  of  E  F,  Fig.  29, 
thus  developing  the  triangle  E  B  F,  Fig.  31,  which  corre- 
sponds to  the  surface  E  B  F,  Fig.  29.  In  like  manner,  each 
surface  of  the  solid  is  developed,  due  care  being  observed 
that  adjacent  triangles  are  placed  in  corresponding  positions 
in  the  development. 

49.  Completion  of  the  Drawing. — The  completion 
of  the  drawing  is  made  in  a  manner  somewhat  similar  to 
parallel  and  radial  developments;  that  is,  the  edge  lines  may 
be  indicated  as  in  those  methods,  the  outer  edges  being 
denoted  by  full  lines  and  those  lines  on  which  bends  are  to  be 
made  when  the  flat  surfaces  are  formed  up  being  designated 
by  the  customary  indicator  circles.  It  will  thus  be  seen 
that  no  new  principles  are  required  to  produce  developments 
by  this  method.  A  careful  observance  of  the  different  por- 
tions of  the  drawing  is  required,  since  an  object  as  simple 
as  that  shown  in  Fig.  29  is  seldom  met  in  practice.  The 
same  methods  are  used,  however,  and  should  be  readily 
understood  by  the  student  and  applied  to  the  drawing  in  the 
same  manner  as  has  been  shown. 


DRAWING  PI1A.TE,  TITI^E:    DEVEI^OPMEXTS  V 

50.  Several  problems  relating  to  the  development  of 
solids  by  triangulation  are  given  on  this  plate.  The  same 
principles  that  were  shown  in  connection  with  the  develop- 
ment of  the  transition  piece  in  Figs.  28  to  31  are  used  in 
these  drawings;  but,  owing  to  the  different  shapes  assumed 
by  the  solid  selected  for  each  problem,  slightly  different 
constructions  are  given  in  each  c^ise. 
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Particular  attention  should  be  paid  to  the  manner  in 
which  the  triangles  are  located  on  the  irregular  surfaces, 
care  being  exercised  that  similar  points  in  each  view  shall  be 
taken  as  a  basis  for  finding  the  true  length  of  each  line. 


PROHLEM  10 

51,     To    develop   the  surface    of  an    Irregular  solid 

having  parallel  bases. 

The  solid  shown  in  perspective  in  Fig.  32  is  the  same  as 
that  used  in  Practical  Projection  for  the  projections  of  views 
of  an  irregularly  formed  solid  and  a  sectional  view  from  a 
given  cutting  plane. 

Construction-.  — The  first  step  is  to  draw  a  right  plan  and 
elevation,  as  shown  at  Fig.  1  (a)  on  the  plate.  Draw  the 
horizontal  diameter  a  in  through  the  plan,  thus  dividing  the 
solid  into  symmetrical  halves.  It  will  now  be  seen  that,  if  a 
development  is  made  of  the  upper  portion  of  the  solid,  as 
seen  in  the  plan,  a  duplication  of  the  resulting  figure  will  be 
the  complete  development.  In  order  to  locate  the  sides  of 
the  triangles  that  are  to  be  assumed  on  the  surface  of  the 
solid,  the  outline  of  the  bases  is  divided  into  the  same  num- 
ber of  equal  parts  (in  this  case  0),  as  at  a,  c,  c,  etc.  on  the 
lower  base  and  b,  <i, /,  etc.  on  the  upper  base. 

Draw,  in  succession,  lines  alternately  from  the  points  on 
the  upper  and  lower  bases;    ab  being  on  the  line  of  the 
diameter,    draw    be,    cd.    dc,    etc. 
^'"'         _^\  Project  these  points  and  lines  to  the 

m7~~A~^^Bo\        elevation,    and   represent    them    by 
m/        \   ,^^K\\\      dot-and-dash  lines,   as  used  in   pre- 
K /...-■i-~.'V^^^\    ceding    developments    to    designate 
^l^J_      jTjmB^/   edge  lines.     The  surface  of  the  solid 
is   thus   divided   into   a   number  of 
''"'■■  ^  triangles  that  may  lie  better  under- 

stood by  the  student  from  an  inspection  of  Fig.  33.  This 
is  a  perspective  view  of  the  solid,  showing  in  the  full  lines 
the  triangles  that  have  been  assumed  on  its  surface.     The 
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lengths  of  the  sides  bd^  df^  ac,  cc,  etc.  may  be  taken  as 
chord  distances  directly  from  the  plan,  since  they  are  there 
shown  in  their  full  length.  A  construction  of  right-angled 
triangles  is  necessary,  however,  in  order  to  find  the  true 
lengths  of  the  lines  be,  c d,  di\  etc.,  Fig.  1  of  the  plate;  and 
in  order  to  construct  them,  the  base  line  a'  7n'  of  the  solid 
in  the  elevation.  Fig.  1,  is  extended  indefinitely  towards  the 
right  of  the  drawing  to  ;//",  as  shown  at  {b). 

At  a  convenient  distance  from  the  elevation  locate  a 
point  on  this  line,  as  at  b'  in  Fig.  1  {b)  on  the  plate.  Take 
the  distance  be,  as  shown  in  the  plan,  and  set  it  off  with  the 
dividers,  as  at  b'  e' ;  in  like  manner,  make  e'  d'  equal  to  ed, 
as  shown  on  the  plan,  and  proceed  to  copy  all  the  distances 
there  shown  until  the  point  m"  is  reached.  It  will  be  seen 
from  an  examination  of  the  projections  that  the  lines  a'  b 
and  ;;/' ;/  are  shown  in  their  true  length  in  the  elevation, 
and  a  triangle  is,  therefore,  not  required  for  those  lines. 

Since  the  bases  of  the  solid  are  parallel,  the  vertical 
height  of  the  triangles  at  {b)  is  the  same  in  all  cases,  and 
may  be  projected  from  the  elevation  as  shown  on  the  plate. 
The  true  lengths  of  all  lines  now  being  determined,  the  tri- 
angles may  be  constructed  as  shown  at  Fig.  1  (r).  Draw 
the  line  a  b,  making  it  equal  in  length  to  the  corresponding 
line  in  the  elevation — that  is,  a'  b\  next,  describe  an  arc 
from  rt:  as  a  center,  with  a  radius  a  e,  taken  from  the  plan  at 
{a) ;  intersect  this  arc  by  an  arc  described  from  A  as  a  cen- 
ter, with  a  radius  equal  to  the  length  of  the  hypotenuse  of 
the  triangle  whose  base  is  b'  e^  in  (b).  This  completes  the 
triangle  rt-^r  at  Fig.  1  (r).  The  triangle  bed  is  next  con- 
structed in  a  similar  manner,  and  the  completion  of  the  devel- 
opment is  accomplished  by  a  continuation  of  the  methods 
described.  Small  arrows  are  introduced  in  Fig.  1  {e)  to 
indicate  the  location  of  the  centers  of  the  corresponding 
arcs.  Thus,  the  arrowhead  on  the  line  be  is  pointed  towards  b, 
and  indicates  that  the  center  of  the  arc,  by  means  of  which 
the  point  e  is  determined,  is  located  at  /;;  e  in  like  manner 
is  similarlv  shown  to  be  the  center  of  the  arc  described 
through  (li).     Since  there  are  no  edges  to  be  bent  ang^ularly 
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when  the  surface  is  formed  to  the  shape  shown  in  the  plan 
and  elevation,  the  circular  indicators  are  omitted;  but 
arrowheads  indicating  the  boundary  edges  of  the  develop- 
ment may  be  added  as  heretofore,  completing  the  problem. 


PROKl^EM   17 

63«  To  develop  the  surface  of  an  Irregular  solid 
having  Inclined  bases. 

A  perspective  view  of  this  solid  is  shown  in  Fig.  33;  it  is 
a  modification  of  the  solid  used  for  the  preceding  problem, 

and  may  be  drawn  as  shown  on  the 
plate  at  Fig.  2  {n).  The  outline  of 
the  lower  base  is  drawn  as  in  Fig.  1, 
and  the  center  of  the  semicircle  at  o 
is  also  the  center  of  the  circle  that 
represents  the  inclined  upper  base, 
the  angle  of  inclination  being  45*^. 

^'^  ^^  Construction. — Draw  a  line  (not 

shown  on  the  plate)  vertically  upwards  from  o  and  fix  the 
point  // 1^  inches  above  the  lower  base  of  the  solid.  Through 
this  point  draw  the  line  d ?i  at  the  given  angle;  and  at  right 
angles  to  A//  describe  the  circle  representing  the  full  view 
of  the  upper  base,  as  shown.  Next,  locate  the  points  shown 
on  the  semicircle  and,  by  means  of  the  temporary  full  view 
shown  at  d'  //'  //',  project  the  inclined  view  of  the  upper  base 
in  the  plan.  These  points  are  then  used,  as  in  the  prece- 
ding problem,  for  the  purpose  of  defining  the  triangles. 
Divide  the  lower  base  of  the  solid,  as  shown  in  the  plan, 
into  an  equal  number  of  parts,  and  draw  lines  representing 
the  sides  of  the  triangles,  as  in  Fig.  1,  producing  them  in 
the  plan  and  elevation,  as  /?  t\  cd,  d i\  etc.  Fig.  2  [a). 

The  manner  of  determining  the  true  lengths  of  the  lines  b  r, 
c  d,  d i\  etc.,  is  slightly  different  from  that  used  in  the  pre- 
ceding problem,  since  the  vertical  distances  are  not  the  same 
in  all  cases.  Produce  the  lower  base  a  in  to  the  left,  as 
shown  at  {h)  on  the  plate,  and  on  this  line  set  off  the  lengths 
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of  the  lines  bc^  c  d^  d  i\  etc.  as  they  appear  in  the  plan  at 
Fig.  '2  (a).  The  vertical  heights  are  then  projected  from 
the  elevation  in  the  manner  shown,  taking  similar  points  in 
each  case. 

The  true  lengths  of  all  lines  now  having  been  determined, 
the  development  may  be  constructed  as  shown  at  Fig.  2  (r). 
In  this  case,  as  in  all  instances  where  the  solids  are  uneven 
and  irregular  in  their  form,  it  is  preferable  to  begin  the 
development  from  the  longest  edge  that  is  shown  in  its  true 
length.  The  line  ;;/ ;/  is,  therefore,  copied  as  shown  at  (r), 
and  the  triangle  ;/  ;;/  /  constructed  as  in  the  preceding 
development,  taking  the  lengths  of  the  radii  ;/ /,  lj\j  h,  etc. 
from  the  full  view  of  the  upper  base,  and  the  lengths  of  the 
radii  ;// /,  Ik,  kj\  etc.  from  their  respective  triangles  as 
formed  at  (^),  while  jn  k,  k  /,  i g,  etc.  are  taken  from  the  full 
view  of  the  lower  base  as  shown  in  the  plan  at  (a). 


PROBLEM   18 

63.  To  develop  the  surface  of  an  Irregrular  solid 
whose  upper  base  Is  rlgrhtly  Inclined  and  -whose  loAver 
base  is  a  iK>rtion  of  a  cylinder. 

This  solid  is  shown  in  perspective  in  Fig.  34,  and  the  tri- 
angles that  are  to  be  located  by  the  student  in  the  projec- 
tions are  represented  in  the  drawings  shown  on  the  plate. 

Construction. — As  may  be  seen  from  Fig.  3  (a)  on  the 
plate,  the  projections  do  not  differ  materially  from  those  of 
the  preceding  problems.    First  draw  jm^yy,..^^ 

the  oval  in  the  plan  as  in  the  two  ^\^    *^^^N, 

preceding  problems,  noting  that,  in  M         ^^b^^^ 

this  case,  the  outline  is  a  foreshort-        JM      ..-^H^HIl 

ened  view  of  the  real  surface.     Next,      KK^ lU^^HL 

draw  a  line  vertically  upwards  from  o,     Q         /^^^^^^'^H^^Hi 

the  center  of  the  semicircle,  to  the  "''-~--rr::::~VII --'' 

point  //  in  the  elevation,    which    is  pic.  si 

3  inches  distant  from  o.  Through  //  draw  b  n  at  an  angle 
of  30''  with  the  horizontal;  at  right  angles  \,o  b  n  project 
the  full  view  of  the   upper  base,  which,  as  in  Problem   17, 
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is  a  circle.  Through  the  plan  draw  a  m  and  bisect  it  ?X  x\ 
with  ;r  as  a  center  and  a  radius  of  IfJ  inches  describe  in 
the  elevation  the  arc  a  g  m,  representing  that  view  of  the 
lower  base. 

As  in  the  preceding  problem,  project  the  foreshortened 
view  of  the  upper  base,  and,  as  before,  designate  the  posi- 
tions of  the  six  spaces.  Since  the  view  of  the  base  in  the 
plan  is  foreshortened,  it  is  necessary  to  project  its  full  view, 
in  order  to  ascertain  the  true  distance  around  the  outline. 
Divide  the  foreshortened  outline  of  the  lower  base  shown  in 
the  plan  into  six  equal  spaces,  at  a^  r,  i\  etc.  First,  how- 
ever, draw  the  center  line  a  in^  as  in  previous  cases,  and 
then  project  to  the  elevation  the  points  thus  located.  To 
produce  the  full  view,  as  at  Fig.  3  (r),  extend  the  line  a  in 
in  the  plan  towards  the  left  as  far  as  to  ;//',  and  on  this  line 
lay  off  the  stretchout  of  the  lower  base,  as  shown  in  the 
elevation ;  thus  that  portion  of  the  solid  is  treated  as  a  sur- 
face developed  by  means  of  parallel  lines.  Draw  edge  lines 
perpendicular  to  the  stretchout,  as  on  the  plate,  and  pro- 
duce developers  from  the  points  a^  r,  ^,  g^  etc.  in  the  plan 
to  a\  c\e\  g\  etc.  at  (r).  The  light  curve  shown  at  {c)  is 
then  drawn  and  represents  the  true  outline  of  the  lower  base 
of  the  solid ;  measurements  may  now  be  taken  from  points 
on  this  oiitline,  as  a'  c\  c  c\  etc.,  for  the  radii  of  the  arcs 
required  in  that  portion  of  the  development  at  (^),  their 
true  lengths  thus  being  shown.  The  true  lengths  of  the  lines 
shown  in  the  projections  at  be,  c  d,  dt\  etc.  are  obtained  as 
before  by  constructing  diagrams  of  triangles  at  (^),  (b). 
Their  projection  on  both  sides  of  the  elevation  is  done  to 
avoid  confusion  from  having  a  number  of  lines  cross  on  the 
drawing. 

Note  the  varied  heights  of  the  triangles,  hence  the  need 
of  extreme  care;  for  if  corresponding  points  are  not  taken 
from  both  plan  and  elevation,  it  will  be  difficult  to  trace  the 
resulting  errors.  The  true  lengths  of  all  lines  having  been 
determined  in  (b),  (b),  and  (f),  the  development  at  (^/)  may 
be  constructed  by  methods  precisely  like  those  used  in 
Problems  16  and  17. 
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Since  m  ;/  is  the  longer  true  edge  shown  in  the  elevation, 
the  development  should  begin  from  that  line  by  making' ;;/  n 
at  {(i)  equal  to  ;;/  n  in  the  elevation  at  {a).  With  a  radius  n  I 
(taken  from  the  full  view  of  the  upper  base),  and  with  n  in 
(d)  as  a  center,  describe  an  arc  as  shown,  and  intersect  it 
at  /  with  an  arc  described  from  m  as  a  center,  with  a  radius 
equal  to  the  hypotenuse  of  the  triangle  ;///at  {b) — the  true 
length  of  the  line  ;;//,  as  shown  at  (a). 

This  completes  the  triangle  7/in/  at  (d).  Next,  describe 
an  arc  from  ;//  as  a  center,  with  a  radius  ;//'  k'  taken  from 
the  full  view  of  the  lower  base  at  (^),  and  intersect  this  arc 
at  k  with  an  arc  described  from  /  as  a  center  and  a  radius 
equal  to  the  hypotenuse  of  the  triangle  /  >&  at  {b).  The  tri- 
angle ;;/  i  k  IS  thus  completed,  and  the  remainder  of  the 
figure  at  {d)  is  constructed  in  a  similar  manner.  The 
development  at  {d)  is  one-half  of  the  irregular  surface  of 
the  solid  shown  in  Fig.  34. 

It  should  be  noted  that,  in  the  practical  work  of  laying 
out  patterns  by  this  method,  a  sufficient  number  of  points 
should  be  located  on  both  bases  of  the  solids  to  insure  accu- 
racy in  tracing  the  curved  line  of  the  development. 

54.  Importance  of  a  Correct  Projection. — It  will 
be  seen  from  the  foregoing  problems  that  in  each  case  the 
first  operation  is  the  drawing  of  a  correct  projection.  The 
true  lengths  of  all  real  or  assumed  lines  thaJt  may  have  been 
shown  in  such  a  drawing  of  the  solid  are  thus  ascertained, 
and  the  draftsman  is  then  enabled  to  determine  which  of 
the  three  general  methods  is  to  be  applied  in  order  that  a 
development  may  be  produced.  The  views  to  be  drawn  are 
in  all  cases  those  that  will  represent  the  solid  in  a  right  posi- 
tion, since  the  true  length  of  any  line  is  most  easily  obtained 
from  such  drawings.  The  ease  with  which  this  is  accom- 
plished is  clearly  shown  in  the  foregoing  examples;  and 
if  the  student  will  devote  his  attention  to  the  projection 
of  a  variety  of  commonly  occurring  trade  subjects,  he 
will  quickly  acquire  a  facility  obtained  only  by  constant 
practice. 
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Particular  attention  is  directed  to  the  imaginative  feature 
of  the  projection,  as  mentioned  in  Practical  Projection ;  for 
a  correct  conception  of  the  actual  position  of  the  various 
lines  as  they  will  appear  in  the  completed  object  can  be 
acquired  in  no  other  way,  and  it  is  of  extreme  importance 
to  the  draftsman  desiring  to  become  proficient  in  the  pro- 
duction of  developments.  If  a  student  is  expert  at  "  reading  " 
drawings,  he  will  experience  no  difficulty  in  applying  the 
various  principles  that  have  been  given  for  producing 
developments  of  surfaces. 

55.  Employment  of  Modlfle<]  Methods. — In  produ- 
cing the  developments  given  in  the  last  three  problems, 
the  triangles  are  not  always  projected  from  the  views  in  the 
manner  shown  on  the  plate.  Short  methods  are  often  used  ; 
but  since  in  such  cases  there  is  more  chance  for  error,  the 
student  will  do  well  not  to  attempt  any  other  method  than 


that  just  described — at  least,  not  until  the  principles  are 
firmly  fixed  in  his  mind.  As  the  drawings  from  which  such 
developments  are  made  are  often  too  large  to  permit  the  pro- 
jection of  the  triangles  in  the  manner  shown,  the  construc- 
tion given  in  Fig.  :(.')  is  often  applied.  In  this  figure  the 
triangles  for  Problem  U'  arc  shown  at  {«),  and  those  for 
Problems  17  and  is,  at  (/')  and  {c),  respectively.     A  single 
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right  angle  is  first  drawn,  rs  a  d  c  ;  the  lengths  of  all  lines 
shown  in  the  plan  are  then  set  off  with  the  dividers  on  the 
side  d  c^  while  the  vertical  distances  taken  from  the  elevation 
are  set  off  on  the  side  a  b,  A  number  of  slanting  lines  are 
then  drawn  between  the  points  thus  located,  each  forming 
the  hypotenuse  of  its  respective  right-angled  triangle. 
Unusual  care  must  be  observed  when  this  method  is  adopted, 
since  the  points  are  located  close  together  and  are  very  apt 
to  be  mistaken  for  one  another. 

When  many  lines  thus  appear  in  the  drawing,  the  student 
is  very  apt  to  become  confused  and  to  consider  the  drawing 
as  complicated.  If  due  care  is  used  and  ample  time  taken, 
this  confusion  will  be  avoided,  for  the  drawings  themselves 
depend  on  the  simplest  of  principles — principles  that  may 
readily  be  understood  by  any  one  willing  to  give  the  time 
necessary  for  mastering  this  work. 

66.  Scalene  Cone. — The  development  of  this  solid 
illustrates  a  short  method  of  triangulation  applicable  to  a 
number  of  solids,  particularly  to  those  represented  by  transi- 
tion pieces  one  of  whose  bases  is  a  polygon.  A  right  view 
of  such  a  cone  is  presented  in  Fig.  36  (^),  and  an  inspection 
of  its  elements  will  show  that  they  are  of  unequal  length. 
This  inequality,  combined  with  the  fact  that  a  section  taken 
at  right  angles  to  the  axis  of  a  scalene  cone  is  not  a  circle, 
precludes  its  development  by  the  method  applied  to  radial 
solids,  although  the  process  is  a  combination  of  that  method 
and  triangulation.  In  accordance  \vith  instructions  given 
hereafter,  a  drawing  of  this  development  should  be  made  by 
the  student,  although  it  is  not  required  to  be  sent  to  the 
Schools  for  correction. 

After  drawing  the  right  plan  and  elevation  as  in  Fig.  36  (^), 
the  base  is  divided  into  a  convenient  number  of  equal 
parts  (12  in  Fig.  36).  Next,  the  elements  are  drawn  in  both 
views,  and  it  may  then  be  seen  that  the  surface  of  the  cone  is 
divided  into  a  number  of  triangles  whose  common  apex  is 
at  0,  the  vertex  of  the  cone.  In  the  elevation,  the  elements  og 
and  oa  are  the  only  ones  shown  in  their  true  length.    Tn 
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order   to    determine   the   true   lengths   of    the    remaining 
elements,  the  drawing  shown  at  Fig.  36  {d)  is  constructed. 


Draw  the  right  angle  /  «/  h  and  set  off  w  c,  the  vertical 
height  of  the  cone. 

The  length  of  each  element  shown  in  the  plan  at  {a)  is 
now  set  off  on  the  line  mii;  thus,  make  t/i^  at  (i)  equal 
to  tf'^in  the  plan  at  (<?),  >«_/"  at  {^)  equal  to  o'/" at  {«),  etc. 
Draw  oj^,  of,  o  e,  etc.  at  {b),  thus  producing  the  elements  of 
the  scalene  cone  in  their  true  length,  the  method  used,  as 
will  be  seen  by  the  student,  being  similar  to  that  used  in  the 
other  triangulation  problems. 

F'roni  c  as  a  center,  with  og,  of,  o  e,  etc.  as  the  respective 
radii,  describe  arcs  in  the  manner  shown  in  Fig.  36  (i).  At 
a  convenient  point  locate,^',  and  draw  g'  o  as  indicated  at  (e). 
This  line  i^g' o)  is  one  edge  of  the  development,  which  may 
be  completed  by  making  ,tf'y~  at  (c)  equal  \.ogf\xi  the  plan 
at  (li),  f  r' at  ([■)  equal  to  /".■  at  (rt),  etc.,  the  compasses 
being  set  at  this  distance  and  similar  arcs  described  as  the 
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successive  points  are  located.  Proceed  in  the  manner  shown 
until  the  pointy"  is  reached,  when  the  development  is  com- 
pleted by  drawing  o g'^  and  tracing  the  curve  through  points 
at  the  intersection  of  the  arcs.  The  outer  edge  lines  of  the 
development  may  be  further  noted  by  the  use  of  indicators 
as  before  described. 

There  are  many  irregular  solids  to  which  this  method  of 
development  may  be  applied.  The  student  should  therefore 
work  out  this  drawing  very  carefully,  that  the  construction 
may  be  well  understood  and  the  method  of  its  application 
readily  seen.  Where  convenient,  models  should  be  made  of 
these  developments.  These  models  may  be  cut  out  of  paper 
or  thin  sheet  metal  and  afterwards  formed  up  to  represent 
the  solids  described  in  the  particular  projections  accompany- 
ing each  problem.  A  better  idea  of  the  solids  and  their 
respective  developments  will  thus  be  obtained.  Should  any 
errors  arise  in  the  course  of  the  work,  they  may  frequently 
be  detected  by  this  means. 


APPROXIMATE  DEVEIiOPMENTS 

67.  The  Sphere. — The  sphere  is  the  most  prominent 
example  of  the  many  solids  whose  surfaces  admit  of  approxi- 
mate development.  The  methods  used  with  solids  capable  of 
accurate  development  must  be  applied  to  solids  of  approxi- 
mate development.  Since  solids  of  approximate  develop- 
ment may  be  resolved  into  parts  resembling  those  capable 
of  accurate  development,  it  is  clear  that  the  same  general 
methods  are  easily  applicable.  Thus,  in  the  case  of  the 
sphere,  that  solid  is  resolved  into  a  number  of  frustums  of 
cones,  in  the  manner  described  in  the  next  article. 

As  already  stated,  it  is  necessary  to  submit  the  covering 
for  these  solids  to  the  operations  of  **  raising,"  in  order  to 
conform  the  metal  to  the  profile  of  the  solid  itself;  an  allow- 
ance is  therefore  required  for  the  consequent  stretching  of 
the  stock.  This  allowance  varies  with  the  thickness  and 
quality  of  the  material ;  hence,  no  general  rules  can  be  given 
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The  mechanic  must  be  acquainted  with  the  nature 
p  of  the  material  in  order 

to  determine  the  allow- 
ance required  in  each 
case. 

58.       I>evelopnicnt 
of  the  Sphere. — It  has 

•been  stated  that  each 
solid  of  approximate 
development  must  be 
referred  to  one  of  the 
three  classes  of  solids 
capable  of  accurate  de- 
velopment. It  is  first 
necessary,  therefore,  to 
determine  which  of  the 
regular  solids  the  irreg- 
ular solid  to  be  devel- 
oped most  resembles. 
The  blanks,  or  pat- 
terns, produced  by 
these  methods  are,  as 
has  been  observed,  flat, 
or  plane,  surfaces;  and 
since  it  is  necessary  to 
"raise"  these  surfaces 
by  hammering,  the 
draftsman  must  imag- 
Pio.  37  ine  the  surface  desired 

in  the  final  form.  The  principle  by  which  these  solids  are 
classified  is  illustrated  in  Fig.  37  by  the  perspective  of  the 
sphere  and  its  resolved  cones.  After  the  sphere  has  thus 
been  resolved  into  cones — or  rather,  frustums  of  cones — 
their  developments  may  be  produced  in  the  regular  way, 
each  frustum  being  separately  treated,  in  the  manner  shown. 
This  is  called  dcvthpmcnt  by  zones,  and  may  be  applied  to  a 
number  of  irregular  solids  resembling  the  sphere. 
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Another  method  of  treatment  is  shown  in  Fig.  38,  certain 
sections  of  the  sphere  being  here  considered  as  portions  of 
the  surface  of  the  cylinder.  This 
method  is  referred  to  as  the  dcvclop- 
iiimt  by  gorfs ;  the  patterns  are 
developed,  as  with  any  portion  of 
the  i.\linder,    by  means  of  parallel 


litvtlapm*ut  ■/  Otn  A 

When  the  curved  surface  of  any 
lid  IS  snch  that  it  cannot  be  con- 
sidered as  part  either  of  a  cone  or 
of  a  solid  with  parallel  lines,  it  is 
'''°-  ^  customary  to  determine  a  series  of 

sections  in  a  regularly  occurring  order  and  apply  the 
method  of  triangulation  as  shown  in  Problems  16  to  18. 
Such  surfaces  are  then  formed  upas  nearly  as,possible  to  the 
shape  of  the  solid  and  are  then  submitted  to  the  operations 
referred  to  for  "  raising  "  to  their  proper  shape. 
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TABLES   AND   FORMULAS. 


This  volume  contains  all  the  principal  Tables  and 
Formulas  which  are  likely  to  be  used  by  the  student  in 
practice.  They  have  been  collected  and  placed  in  this 
volume  in  order  to  make  them  convenient  for  ready  refer- 
ence, so  that  the  student  will  not  be  obliged  to  hunt  them 
out  in  the  preceding  volumes.  The  number  after  each 
formula  is  the  same  as  the  number  following  the  same 
formula  in  the  text. 
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TABLES  AND   FORMULAS. 

THE  PROPERTIES  OF  SATURATED 
STEAM. 
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1151.469 

.050696 

19.73 

1231.0 
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16.62 

1038.0 

26 

242.225 
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.064870 

15.42 

962.3 

28 

246.376 

215.293 

941.791 

1157.084 
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924.940 

1164.329 
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1165.194 

.106345 
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275.704 

245.061 
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1166.836 
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262.248 
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. 142362 
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438.5 

62 
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264.433 

907.396 

1171.829 

. 146824 

6.811 

425.2 
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1172.466 
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412.6 

66 

298.842 

268.644 
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1173.087 

.155721 

6.422 

400.8 

68 

300.831 

270.674 

903.020 

1173.694 
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6.244 

389.8 

70 

302.774 

272.657 

901.629 
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304.669 
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5.917 
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308.344 

278.350 
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5.624 

35'i 
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310.123 

280. 170 
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1176.529 

. 182229 

5.488 

342.6 
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311.866 

281.952 

895.108 

1177.060 

.186627 
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334.5 

82 

313.576 

283.701 

893.879 

1177.580 

. 19101 7 

5.235 

326.8 

84 

315-250 

285.414 

892.677 

1 178.091 

.195401 

5.118 

319  5 

^6 

316.893 

287.096 

891.496 

1178.592 

.199781 

5.006 

312.5 

^^ 

318.510 
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1179.085 
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4.898 

305.8 
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320.094 

290.373 

889.196 

1179.569 

.208525 

4.796 

299.4 
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321.653 

291.970 
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1180.045 

.212892 

4.697 

293.2 

94 

323.183 
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.217253 
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324.688 
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237.6 
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311.885 
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1185.961 
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3.656 
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344.136 

315.051 

871.848 

1186.899 
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3.518 

219.6 
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347.121 

318. 121 

869.688 

1187.809 

.294961 
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350.015 
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352.827 
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1189.555 

.316338 
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326.823 
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358.223 

329.566 
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1191.200 
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2.962 

184.9 
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363.346 

334.850 

857.912 

1192.762 
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349.329 
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2.368 
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H99.597 

•464295 
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389.736 
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393.575 
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835.828 
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1204.209 
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1.825 

114.0 
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827.896 

1205.273 
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1.759 
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407.755 

380.905 

825.401 

1206.306 
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1.697 

^05.9 
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41 1.048 

384.337 

822.973 

1207.310 
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1639 

102.3 

290 

II4-250 

387.677 

820.609 

1208.286 

.630829 

1.585 

99.0 
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417.371 

390.933 

818.305 

1209.  238 

•651506  1.535 

95-8 
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MOMENTS  OF  INERTIA. 


Form  of 
Section. 


1.  Rect- 
angle . . . 


9.  Square.. 


8.  Axis 
through 
Diagonal 


4.  Hollow 

Square 

5.  Hollow 

Rect- 
angle, I 
or  Chan- 
nel Iron 

6.  Triangle 


Dotted  Line  Shows  Position 
of  Neutral  Axis. 


7.  Cross... 


8.  Angle 
Iron 


9.  Circle... 


10.  Hollow 
Circle... 


11.  Ellipse.. 


12.  Hollow 
Ellipse.. 
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BENDING  MOMENTS  AND  DEFLECTIONS. 


Manner  of  Supporting 
Beams. 


*•  • 


0yXXX±CCQ 
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-"~® 

K-4-t-i-H 


«.  [ 


I  ®  I 


—I  — 


.onrnnonrnooo 
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I- — I — 


IF 


1 


Maximum 

Bending 

Moment,  M. 


Wl 


^i/|+»"t/. 


8 


Maximum 
Deflection,  s. 


1  wn 

8    EI 


^+fV/ 


Wl 
4 


^yLh 


8 


8 


8 


» 


8    £•/ 


1  »7«    1  ;r'/« 


3    AV  '    8    i:'/ 


LKH 

48  i?/ 


Remarks. 


Cantilever,  load  at  free 
end. 


5    W'i* 
8rt4  i?/ 


IV  n 
.0182^rV 


.0064-^^7- 
h  1 


19i£J 


Cantilever,  more  than 
one  load. 


Cantilever,  uniform 
load  w  lb.  p)er  unit 
of  length.    W  =7v  i. 


Cantilever,  load  partly 
uniform,  partly  con- 
centrated. 


Simple  beam,  load  at 
middle. 


Simple  beam,  load  at 
some  other  point 
than  the  middle. 


Simple      beam,      uni 
formly  loaded. 


One  end  fixed,  other 
end  supported,  load 
in  the  middle. 


One  end  fixed,  other 
end  supported,  uni- 
formly loaded. 


Both  ends  fixed,  load 
in  the  middle. 


'Hi- 
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SPECIFIC  GRAVITIES  AND  'WEIGHTS 

PER  CUBIC   FOOT. 


METALS. 


Substance. 


Osmium 

Platinum  . . . . 

Gold 

Mercury 

Lead  (cast). . . 

Silver 

Copper  (cast). 

Brass 

Wrought  Iron 
Cast  Iron  . . . . 

Steel  

Tin  (cast) 

Zinc  (cast)  . . . 
Antimony. . . . 
Aluminum  . . . 


23.00 
21.50 

19-50 
13.60 

11-35 
10.50 

8-79 
8.38 

7.68 

7.21 

7.84 

7.29 

6.86 

6.71 

2.50 


Weight  p>er 
Cubic  Foot 
in  Pounds. 


1,437-5 

1,343-8 

1,218.8 

850.0 

709.4 

656.3 

549-4 

523.8 
480.0 

450.0 

490.0 

455-6 
428.8 
419.4 

156.3 


WOODS, 


Substance. 


Ash 

Beech  

Cedar 

Cork 

Ebony  (American) 

Lignum-vitic 

Maple 

Oak  (old) 

Spruce 

Pine  (yellow) 

Pine  (white) 

Walnut 


Specific 
Gravity. 


Weight  per 
Cubic  Foot 
in  Pounds. 

52.80 

53-25 
35-06 
15.00 

83-19 

83-30 
46.88 

73-10 

31-25 
41.20 

34.60 

41.90 
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LIQUIDS. 


Substance. 


Acetic  Acid 

Nitric  Acid 

Sulphuric  Acid 

Muriatic  Acid 

Alcohol 

Turpentine . . 

Sea  Water  (ordinary) 
Milk 


Specific 
Gravity. 

Weight 

per 

Cubic  Foot 

in  Pounds. 

1.062 

66.4 

1. 217 

76.1 

1. 841 

115. 1 

1.200 

75-0 

.800 

50.0 

.870 

54.4 

1.026 

64.1 

1.032 

64.5 

GASBS. 

At  32°  F.,  and  under  a  Pressure  of  One  Atmosphere. 


Substance. 


Atmospheric  Air 

Carbonic  Acid 

Carbonic  Oxide . 

Chlorine 

Oxygen  

Nitrogen 

Smoke  (bituminous  coal) 

Smoke  (wood) 

*Steam  at  212''  F 

Hydrogen 


Specific 
Gravity. 

Weight 

per 

Cubic  Foot 

in  Pounds. 

1. 0000 

.08073 

1.5290 

.12344 

.9674 

.07810 

2.4400 

.19700 

1. 1056 

.08925 

•9736 

.07860 

.1020 

.00815 

.0900 

.00727 

.4700 

.03790 

.0692 

.00559 

*  The  specific  gravity  of  steam  at  any  temperature  and  pressure  com- 
pared with  air  at  the  same  temperature  ancf  pressure  is  0.622. 
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MISCELLANEOUS. 


Substance. 


Emery 

Glass  (average) 

Chalk 

Granite 

Marble 

Stone  (common) 

Salt  (common) 

Soil  (common) 

Clay 

Brick 

Plaster  Paris  (average) 
Sand 


Specific 
Gravity. 

Weight 

per 

Cubic  Foot 

in  Pounds. 

4.00 

250 

2.80 

175 

2.78 

174 

2.65 

166 

2.70 

169 

2.52 

158 

2*13 

T^33 

1.98 

124 

1-93 

121 

1.90 

118 

2.00 

125 

1.80 

113 

MISCELLANEOUS    TABLES. 


SPECIFIC  HEATS    UNDER    CONSTANT 

PRESSURE. 


SOLIDS. 


Copper 0.0951 

Gold 0.0324 

Wrought  Iron o.  1138 

Steel  (soft) 0.1 165 

Steel  (hard) o.  1 1 75 

Zinc 0.0956 

Brass 0.0939 

Glass 0.1937 


Cast  Iron o.  1 298 

Lead 0.0314 

Platinum 0.0324 

Silver 0.0570 

Tin 0.0562 

Ice 0.5040 

Sulphur 0.2026 

Charcoal 0.2410 
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LIQUIDS. 


Water i.  oooo 

Alcohol o.  7000 

Mercury 0.0333 

Benzine 0.4500 

Glycerine 0.5550 


Lead  (melted) 0.0402 

Sulphur  (melted) 0.2340 

Tin  (melted) 0.0637 

Sulphuric  Acid 0.3350 

Oil  of  Turpentine 0.4260 


GASBS. 


Air 

Oxygen 

Nitrogen 

Hydrogen 

Superheated  Steam . . . 

Carbonic  Oxide 

Carbonic  Acid 


Constant  Pressure. 


0.23751 
0.21751 
0.24380 
3.40900 
0.48050 
0.24790 
o.  40400 


Constant  Volume. 


0.16847 

0.15507 
0.17273 

2.41226 

0.34600 

0.17580 

0.15350 


VOLUMES   AND    WEIGHTS   OF   GASES. 


Gas. 

Volume  of  one 
Pound  at  32°F. 
and  a  Tension 

of  1  Atmos- 
phere (14. 7  Lb. 

per  Sq.  In.). 
Cu.  Ft. 

Weight  of  one 

Cu.  Ft.  at  32°  F. 

and  a  Tension 

of  I  Atmos- 
phere (14.7  Lb. 

per  Sq.  In.). 
Lb. 

R. 

Air 

12.388 
11.2056 
12.7226 
178.891 

.08073 
.08925 
.0786 
.00559 

.37052 

.33552 

.38143 
5-34946 

Oxvcren 

^^^»-j  ^*'**  ........... 

Nitrocrcn 

Hvdrocren 
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TEMPERATURES    OF    FUSION    AND 

VAPORIZATION. 


Substance. 


Water 

Mercury 

Sulphur 

Tin 

Lead 

Zinc 

Alcohol 

Oil  of  Turpentine 

Linseed  Oil 

Aluminum 

Copper  

Cast  Iron 

Wrought  Iron . . . 

Steel  

Platinum 

Iridium 


Tem- 
perature of 
Fusion. 


32" 

-  37.8" 
228.3** 

446° 
626° 
680** 
Unknown 

14° 

1400° 
2100° 
2192° 
2912** 

2520^ 

4892° 


Tem- 
perature of 
Vaporiza- 
tion. 


212 

662° 

824° 


1900 

173° 

3^3"" 
600^ 


3300 
5000* 


Latent 
Heat  of 
Fusion. 


142.65 

509 
13.26 

25-65 
9.67 

50.63 


Latent  Heat 
of  Vapori- 
zation. 


966.6 
157 


493 

372 
124 


COEFFICIENTS    OF    EXPANSION. 


Name  of  Substance. 

Cast  Iron 

Copper  

Brass 

Silver 

Bar  Iron 

Steel  (untempered) . . . . 

Steel  (tempered) 

Zinc •.  . 

Tin 

Mercury 

Alcohol 

Gases 


Linear 
Expansion. 


Surface 
Exp>ansion. 


.00000617 
.00000955 
.00001037 
.00000690 
.00000686 
.00000599 
.00000702 
.00001634 
.00001410 
.00003334 
.00019259 


.00001234 
.00001910 
.00002074 
.00001390 
.00001372 
.00001198 
.00001404 
.00003268 
.00002820 
.00006668 
.00038518 


Cubic 
Expansion. 


.00001850 
.00002864 
. 00003 112 
.00002070 
.00002058 
.00001798 
.00002106 
.00004903 
.00004229 
.00010010 
.00057778 
.00203252 
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UNITED  STATES  STANDARD  SCREW  THREADS. 


Diameter  of 

:rew  in  Inches. 
d 

Number  of 

Diameter  at  Bot- 

Area at  Bottom  of 

M 

Threads  per 
Inch. 

tom  of  Threads 
in  Inches. 

Threads  in 
Square  Inches. 

€* 

n 

d. 

a 

i 

20 

.185 

.0269 

A 

i8 

.240 

•0452 

i 

i6 

.294 

.0679 

tV 

14 

•345 

•093s 

i 

13 

.400 

.1257 

t\- 

12 

.454 

.  1619 

« 

II 

•507 

.2019 

1 

10 

.620 

.3019 

* 

9 

.731 

.4197 

I 

8 

.838 

•5515 

H 

7 

.939 

.6925 

^i 

7 

1.064 

.8892 

H 

6 

1. 158 

1-0532 

H 

6 

1-283 

1.2928 

If 

5* 

1.389 

I-5153 

1 2 

5 

1.490 

1.7437 

il 

5 

1. 615 

2.0485 

2 

4i 

1. 711 

2.2993 

H 

4i 

1. 961 

3.0203 

2i 

4 

2-175 

37154 

2i 

4 

2.425 

4.6186 

3 

3i 

2.629 

54284 

3i 

3i 

2.879 

6.5099 

Zh 

3i 

3.100 

7-547? 

3f 

3 

3-317 

8.6414 

4 

3 

3-567 

9.9930 

4i 

2| 

3- 798 

1 1.3292 

4i 

2i 

4.027 

12.7366 

4* 

2§ 

4.255 

14.219/ 

5 

-^i 

4.480 

15-7633 

Si 

2i 

4- 730 

^7.5717 

5i 

-^f 

4  953 

19.2676 

5f 

2i 

5- 203 

21.2617 

^^ 

6 

2i 

5-423 

23.0978 

C.    IV,^26 
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STANDARD   DIMENSIONS   OP   WROUGHT- 
STEAM,    GAS,   AND    WATER    PIPES. 


Nominal    ^, 
Diameter    . 
in  Inches. 

ickness 

Actual 
Internal 

Actual 
External 

Threads 

per  Inch.     „* 
t^                Th 

tchof 

Inches. 

Diameter 

Diameter 

treads. 

in  Inches. 

in  Inches. 

n 

i 

o68 

.270 

.405 

27 

037 

i 

o88 

.364 

.540 

18 

056 

f 

091 

.494 

.675 

18 

056 

i 

.109 

.623 

.840 

14 

.071 

i 

•lU 

.824 

1.050 

14 

.071 

I 

.134 

1.048 

1. 315 

Hi 

.087 

'i 

.  140 

1.380 

1.660 

Hi 

.087 

li 

.145 

1. 611 

1.900 

Hi 

.087 

2 

.154 

2.067 

2.375 

"i 

.087 

2i 

.204 

2.468 

2.875 

8 

125 

3 

.217 

3- 06 1 

3- 500 

8 

^25 

3i 

.226 

3.548 

4.000 

8 

•125 

4 

.237 

4.026 

4.500 

8 

125 

4i 

.247 

4.508 

5.000 

8 

125 

5 

•259 

5.045 

5.563 

8 

125 

6 

.280 

6.065 

6.625 

8 

125 

7 

.301 

7.023 

7.625 

8 

•125 

8 

.322 

7.982 

8.625 

8 

125 

9 

344 

9.001 

9.688 

8 

125 

lO 

3^6 

10.019 

10.750 

8 

125 

TABLES  AND  FORMULAS. 


53 


STANDARD   PIPE   FLANGES. 


f              — 

Inside 
Diam. 

Thick- 
ness of 

Diam. 
of 

Length 
of 

No.  of 
Bolts. 

Thick- 
ness of 

Diam.  of 
Bolt 

Diam. 
of 

Pipe. 

Pipe. 

Bolts. 

Bolts. 

Flange. 

Circle. 

Flange. 

2.0 

.409 

f 

2.0 

4 

f 

4.75 

6.0 

2.5 

.429 

f 

2.25 

4 

H 

5.25 

7.0 

3-0 

.448 

f 

2.5 

4 

i 

6.0 

7.5 

3.5 

• 

.466 

f 

2.5 

4 

a 

6.5 

8.5 

4.0 

.486 

i 

2.7s 

4 

H 

7.25 

9.0 

4.5 

.498 

i 

3-0 

8 

H 

7.75 

9.25 

5 

.525 

i 

3.0 

8 

H 

3.5 

lO.O 

6 

.563 

i 

3.0 

8 

I 

9.625 

II. 0 

7 

.600 

i 

3.25 

8 

itV 

10.75 

12.5 

8 

.639 

i 

3.5 

8 

14 

11.75 

13.5 

9 

.678 

i 

3-5 

12 

I* 

13.0 

15.0 

10 

.713 

i 

3.625 

12 

lA 

14.25 

16.0 

12 

.790 

i 

3-75 

12 

I* 

16.5 

19.0 

14 

.864 

I 

4.25 

12 

If 

13.75 

21.0 

15 

.904 

I 

4.25 

16 

If 

20.0 

22.25 

16 

.946 

I 

4.25 

16 

lA 

21.25 

23.5 

18 

1.020 

14 

4.75 

16 

lA 

22.75 

25.0 

20 

1.090 

I* 

50 

20 

iH 

25.0 

27.5 

22 

1. 180 

li 

5-5 

20 

iH 

27.25 

295 

24 

1.250 

li 

5-5 

20 

I* 

29- 5 

32.0 

26 

1.300 

li 

5.75 

24 

2 

31.75 

34.25 

28 

1.380 

li 

6.0 

28 

*tV 

34.0 

36.5 

30 

1.480 

If 

6.25 

28 

H 

36.0 

33.75 

36 

1. 710 

If 

6.5 

32 

'f 

42.75 

45-75 

42 

1.870 

li 

7.25 

36 

2f 

49.5 

52.75 

dS 

2.170 

I* 

7.75 

44 

2| 

56.0 

59.5 
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LAP-WELDED  AMERICAN  CHARCOAL  IRON 
BOILER  TUBES. 


STANDARD   DIMBNSIONS 

II 

B3 

II 

^5 

H 
-J 

S 

Is 

Is 

0 

Is 

ll 

M 

I.. 

In. 

In- 

I.. 

II. 

Ft. 

p.. 

S,.  1. 

s,...|... 

.072 

'5 

856 

2.6S5 

3 

14; 

463 

3 

s,. 

575 

.785 

.708 

•i 

.083 

14 

■ 

334 

4.191 

4 

71:; 

863 

' 

547 

I 

396 

r-767 

1.250 

.098 

13 

804 

5.007 

6 

283 

ij8 

. 

909 

^ 

556 

3- 14^ 

..981 

'i 

.109 

" 

283 

7.17; 

7 

SS4 

673 

■ 

5=8 

4 

094 

4.909 

=-755 

.109 

" 

783 

8.743 

9 

425 

373 

. 

273 

6 

083 

7.069 

i-333 

3i 

•'■' 

' 

zGj 

10.348 

,0 

996 

171 

. 

091 

8 

357 

9.631 

4.272 

^30 
.13° 

10 

3 

74" 

11-753 

.2 

566 

cz. 

955 

10 

991 

12.566 

5-3^o 

4i 

,0 

4 

241 

t3-3^3 

14 

137 

goi 

849 

'4 

136 

15.904 

6.010 

...0 

9.5|4 

720 

I4.82SS 

'5 

708 

809 

764 

17 

497 

19- (535 

7.276 

■  ■s. 

9     I5 

699 

17.904 

18 

850 

670 

'i37l'5 

509 

28.274  9.346 

PROPORTIONS    OF    RIVETED    JOINTS. 


Thick- 

Diam- 
eter 

Diam- 
eter 

Pitch. 

Efficiencj 

of  Joint. 

of 

of 
Rivet. 

of 

Hole. 

,f 

Plate. 
t 

Sinjilo. 

Double. 

Single. 

Double. 

i' 

r 

\v 

3' 

.66 

■77 

A' 

iv 

r 

2-iV' 

34' 

.64 

.76 

r 

r 

ir 

2i' 

3i' 

.62 

■75 

,v 

w 

4 

=tV  '  3r 

.60 

■74 

r 

i' 

H" 

^r   i  3r^. 

■58 

■73 

TABLES  AND  FORMULAS. 


55 


PROPORTIONS   OF    GEAR    TEETH. 

C  =  Circular  Pitch. 


Addendum 

Root 

Whole  Depth 

Thickness  of  Tooth 
Width  of  Space 


Cut 
Gears. 


0.30  C 

0.65  c 
0.495  c 
0.505  c 


RELATION    BETWEEN   DIAMETRAL  AND 

CIRCULAR   PITCH. 


Diametral 

Circular 

Circular 

Diametrat 

Pitch. 

Pitch. 

Pitch. 

Pitch. 

2 

1. 57 1  inches. 

2       inches 

1. 571 

ai 

1.396^      ** 

4     " 

1.676 

^1 

1.257 

If 

1-795 

2j 

1. 142       ** 

If     " 

1.933 

3 

1.047        '* 

li     " 

2.094 

3l 

.898       '* 

ItV        " 

2.185 

4 

.785        " 

ll     " 

2.285 

S 

.628       ** 

'tV       "  - 

2.394 

6 

.524       ** 

li 

2.513 

7 

•449        *' 

lA-    " 

2.646 

8 

.393        " 

I* 

2.793 

9 

•349        '* 

ItV        " 

2.957 

10 

.314        " 

I 

3.142 

II 

.286        " 

H      " 

3.351 

12 

.262        ** 

\ 

3-590 

M 

.224        ** 

H      " 

3-867 

16 

.196        ** 

f 

4. 189 

18 

.175 

it      " 

4.570 

20 

.157        ** 

f 

5-027 
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BREAKING  STRENGTH  OF  AND  POWER  TRANS- 
MITTED BY  WIRE  ROPES  (42  WIRES). 


Diam- 

Diam- 

Revolu- 

Breaking 

Horse- 

Velocity of 

eter  of 

eter  of 

tions 

Stress  of 

power 

Rope  in 

Ropes, 

Pulleys, 

per 

Rope  per 

Trans-, 

Feet  per 

Inches. 

Feet. 

Minute. 

Pound. 

mitted. 

Second. 

tV 

5 

I  GO 

4,26g 

S.6 

• 

26 

u 

6 

I  GO 

5,66g 

13.4 

31 

i 

7 

IGG 

8,2GG 

21. 1 

36 

f 

8 

IGG 

ii,6gg 

27.5 

42 

f 

8 

I2G 

ii,6go 

33.0 

50 

1 

9 

IGG 

ii,6gg 

519 

47 

f 

9 

I2G 

ii,6gg 

62.2 

56 

H 

lO 

IGG 

I5,2GG 

730 

52 

« 

lO 

I2G 

I5,2GG 

87.6 

62 

H 

lO 

I4G 

I5,2GG 

IG2.2 

73 

« 

12 

IGG 

I5,2GG 

I16.7 

63 

i 

12 

I2G 

i7,6gg 

148.9 

75 

i 

12 

1 40 

i7,6gg 

1737 

87 

i 

14 

IGG 

i7,6gg 

185.G 

73 

i 

M 

I2G 

i7,6gg 

222.0 

87 

i 

15 

I2G 

i7,6gg 

3GG.G 

94 

SAFE    PRESSURE    ON    BEARINGS    AND    SLIDES 

Pressure  pei 

Sq.  In.  of 
Kind  of  Journal  Bearing.  Projected 

Area,  p. 

Bearings  on  which  the  load  is  intermittent  and 
the  speed  slow,  such  as  crank-pins  of  shearing 
machines 3,ogo  lb. 

Cross-head  neck  journals 1,200  lb. 

Crank-pins  of  large,  slow-speed  engines. . . .  8gg  to      900  lb. 

Crank-pins  of  marine  engines,  usually 400  to      500  lb. 

Main  crank-shaft  bearings — marine  engines  (slow)      600  lb. 
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Main  crank-shaft  bearings — marine  engines  (fast)  400  lb. 

Locomotive  driving-axle  journal 180  to  350  Ih 

Railway  journals 200  lb. 

Fly-wheel  shaft  journals 150  to  250  lb. 

Small  engine  crank-pins 150  to  200  lb. 

Slipper  slide  blocks,  marine  engines 100  lb. 

Stationary  engine  slide  blocks 25  to  125  lb. 

Stationary  engine  slide  blocks,  usually 30  to      60  lb. 

Propeller  thrust  bearings 50  to      70  lb. 

Shaft  in  cast-iron  steps  or  seats 15  lb. 


RULES  AND  FORMULAS. 


FORMULAS  USED  IN  ALGEBRA. 

Let  a  and  b  be  any  two  quantities,  then, 

(rt  +  ^)^  =  rt'  +  "lab  -\-b\         ( 1 .)  Art.  432. 

{a  -  bY  =  ^'  -  lab  +  b\         (2.)  Art.  432. 

(a  •\-b)(a^b)^a^-  b\  (3.)  Art.  432. 

a^J^%ab^rb''^(a+b)(a^b)^{a^b)\  (4.)     Art.  455. 

d'-%ab+b^=^{a-  b)(a-b)^(a--b)\  (5.)     Art.  455. 

^«  -  />«  =  (,x  +  b){a  -  b),  (6.)  Art.  462. 

Let  ax^  -\-  bx  =  c  be  any  quadratic  equation  (it  must  be 
borne  in  mind  that  b  and  c  may  be  positive  or  negative) ; 
then, 

THE    TRIGONOMETRIC    FUNCTIONS. 

Art.  754. 

^   ^  ^ .         side  opposite 

Rule  l.—Stne  =    ,    ^  Y . 

hypotenuse 

Rule  2. — Side  opposite  =  hypotenuse  X  sine. 

^    ^  ,,    .         side  adjacent 

Rule  3. — Cosine  —     .    ^  / . 

hypotenuse 

Rule  4. — Side  adjacent  =  hypotenuse  X  cosine. 
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w%   t    m      T  *       side  opposite 

Rule  5. — Tansrent  =  —^ — ^ --. 

^  side  adjacent 

Rule  6. — Side  opposite  =  side  adjacent  X  tangent, 

^    .     _       ^  ^  ^       side  adjacent 

Rule  7. — Cotangent  =  — r-^ — r— -. 

^  side  opposite 

Rule  8. — Side  adjacent  =  side  opposite  X  cotangent. 

»^    -    ^       TT  .  .               ^^de  opposite 
Rule  9. — Hypotenuse  = ^ . 


sine 


»^-     -^       rr  .  ^               side  adjacent 
Rule  lO. — Hypotenuse  = -. . 


cosine 


RULES   FOR     USING   TABLE    OF    LOGARITHMS 

OF   NUMBERS. 

Arts.    625-636. 

I.  To  find  tlie  Cliaracteristlc. — For  a  number  greater 
than  1  the  c/iaracteristic  is  one  less  than  the  number  of  in- 
tegral places  in  the  nu7nber.  For  a  number  wholly  decimal 
the  c  liar  act  eristic  is  negative^  and  is  numerically  one  greater 
than  the  number  of  ciphers  between  the  decimal  point  and  the 
first  digit  of  the  decimal. 

IT.  To  find  tlie  LoKarltlmi  of  a  Number  not  tiav- 
ing  more  tlian  four  figures. — Find  the  first  three  sig- 
nificant figures  of  the  number  whose  logarithm  is  desired  in 
the  left 'hajid  column  ;  find  the  fourth  figure  in  the  column  at 
the  top  {or  bottom)  of  the  page^  and  in  the  column  under  {or 
above)  this  figure,  and  opposite  the  first  three  figures  previously 
found,  will  be  the  mantissa,  or  decimal  part,  of  the  logarithm. 
The  characteristic  being  found  as  described  above,  tvrite  it  at 
the  left  of  the  mantissa,  and  the  resulting  expression  will  be 
the  logarithm  of  the  required  number. 

in.  To  find  the  Log^arlthm  of  a  Number  con- 
sisting of  five  or  more  figures. 

{a)     If  the  fiumbcr  consis/s  of  more  than  five  figures,  and 
the  sixth  figure  is  5  or  greater,  increase  the  fifth  figure  by  i, 
and  write  ciphers  in  place  of  the  sixth  and  remaining  figures. 
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{b)    Find  f he  mantissa  corresponding  to  the  logarithm  of 
the  first  four  figures^  and  subtract  this  mantissa  from  the 
next  greater  mantissa  in  the  table ;  the  remainder  is  the 
difference, 

(c)  Find  in  the  secondary  table  headed  P,  P,  a  column 
headed  by  the  same  number  as  tJiat  just  found  for  the  differ- 
encCy  and  in  this  column  opposite  the  number  corresponding  to 
the  fifth  figure  {or  fifth  figure  increased  by  1)  of  the  given 
number  {this  figure  is  always  situated  at  the  left  of  the 
dividijig  line  of  the  column)  will  be  found  the  P.  P.  {propor- 
tional part)  for  that  number.  The  P,  P.  thus  found  is  to  be 
added  to  the  mantissa  found  in  (h)^  and  the  result  is  the 
mantissa  of  the  logarithm  of  the  given  number^  as  nearly  as 
may  be  found  with  five-place  tables, 

IV.  To  find  a  Number  livlioae  Lrosarltlim  is 
ffl  ven.  — 

{a)  Consider  the  mantissa  first.  Glance  along  the 
different  columns  of  the  table  which  are  headed  O  until  the 
first  two  figures  of  the  mantissa  are  found.  Then  glance 
down  the  same  column  until  the  third  figure  is  found  {or  1 
less  than  the  third  figure).  Having  found  the  first  three 
figures^  glance  to  the  right  along  the  row  in  which  they  are 
situated  until  the  last  three  figures  of  the  mantissa  are  found. 
Then  the  number  luhich  heads  the  column  in  which  the  last 
three  figures  of  the  mantissa  are  found  is  the  fourth  figure 
of  the  required  number^  and  the  first  three  figures  lie  in  the 
column  headed  iV,  and  in  the  same  row  in  which  lie  the  last 
three  figures  of  the  mantissa. 

(h)  If  the  mantissa  cannot  be  found  in  the  tabh\  find  the 
mantissa  which  is  nearest  to^  but  less  than^  the  given  mantissa ^ 
and  which  call  the  next  less  mantissa.  Subtract  the  next  less 
mantissa  from  thenext greater  mantissa  in  the  table  to  obtain 
the  difference.  Also  subtract  the  next  less  mantissa  from  the 
mantissa  of  the  given  logarithm^  and  call  the  remainder  the 
P,  P.  Looking  in  the  secondary  table  headed  P.  P,  for  the 
column  headed  by  the  difference  just  founds  find  the  number 
opposite  the  P.  P,  just  found  {or  the  P.  P.  corresponding  most 
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nearly  to  that  just  found) ;  this  number  is  the  fifth  figure  of 
the  required  number  ;  the  fourth  figure  will  be  found  at  the 
top  of  the  column  containing  the  next  less  mantissa^  and  the 
first  three  figures  in  the  column  headed  N^  and  in  the  same 
row  which  contains  the  Jiext  less  mantissa, 

(c)  Having  found  the  figures  of  the  number  as  above 
directed^  locate  the  decimal  point  by  the  rules  for  the  charac- 
teristic^ annexing  ciphers  to  bring  the  number  up  to  the  re- 
quired number  of  figures  if  the  characteristic  is  greater  than  i. 


RULES   FOR   USING    TRIGONOMETRIC   TABLES. 

Given,  an  anffle,  to  find  its  sine,  cosine,  tangrent. 
and  cotangent. 

Rule  11. — Find  in  the  table  the  sine^  cosine^  tangent^  or  co- 
tangent corresponding  to  the  degrees  and  minutes  of  the  angle. 

For  the  seconds^  find  the  dijference  of  the  values  of  the  sine^ 
cosine^  tangent^  or  cotangent  taken  from  the  table ^  between 
which  the  seconds  of  the  angle  fall ;  multiply  this  difference  by 
a  fraction  whose  numerator  is  the  number  of  seconds  in  the 
given  angle y  ajid  whose  denominator  is  60, 

If  sine  or  tafigcnt^  add  this  correction  to  the  value  first  found; 
if  cosine  or  cotangent^  subtract  the  correction.     Art.  756. 

Given,  ttie  sine,  cosine,  tangent,  or  cotangent  tc 
find  the  angle  corresponding. 

To  find  the  angle  corresponding  to  a  given  sine,  cosine, 
tangent,  or  cotangent  whose  exact  value  is  not  contained  in 
the  table : 

Rule  12. — Find  the  difference  of  the  two  numbers  in  the 
table  between  which  the  given  sine^  cosine^  tangent ^  or  co- 
tangent falls^  and  use  the  number  of  parts  i?i  this  difference 
as  the  denominator  of  a  fraction. 

Find  the  difference  between  the  number  belonging  to  the 
smaller  angle^  and  the  given  sine ^  cosine^  tangent^  or  cotangent^ 
and  use  the  number  of  parts  in  the  difference  just  found  as  the 
numerator  of  the  fraction  mentioned  above.  Multiply  this 
fraction  by  60,  and  the  result  will  be  the  number  of  seconds  to 
be  added  to  the  smaller  angle.     Art.  758. 
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RULES    FOR  MENSURATION. 


THB  TRIANGLB. 

Rule. —  The    area  of  any  triangle  equals  one-half  the 
product  of  the  base  and  the  altitude.     Art.  766* 


THB  QUADRILATBRAL. 

To  find  the  area  of  a  parallelogram : 

Rule. —  The  area  of  any  parallelogram  equals  the  product 
of  the  base  and  the  altitude.     Art.  777. 

To  find  the  area  of  a  trapezoid : 

Rule. — The  area  of  a  trapezoid  equals  one-half  the  sum  of 
the  parallel  sides  multiplied  by  the  altitude.     Art.  778. 

To  find  the  area  of  an  irregular  figure  bounded  by  straight 
lines: 

Rule. — Divide  the  figure  into  triangles^  and  find  the  area 
of  each  triangle  separately.  The  sum  of  the  areas  of  all  the 
triangles  will  be  the  area  of  the  figure.     Art.  779. 


THB  CIRCLB. 

To  find  the  circumference  or  diameter  of  a  circle : 

Rule. —  The  circumference  of  a  circle  equals  the  diameter 
multiplied  by  3,  U16.     Art.  780. 

Rule. —  The  diameter  of  a  circle  equals  the  circumference 
divided  by  8.  U16.     Art.  780. 

To  find  the  length  of  an  arc  of  a  circle : 

Rule. —  The  length  of  an  arc  of  a  circle  equals  the  circum- 
ference of  the  circle  of  which  the  arc  is  apart  multiplied  by  the 
number  of  degrees  in  the  arc^  and  divided  by  360.      Art.  781 . 

To  find  the  area  of  a  circle: 

Rule. — Square  the  diameter^  and  multiply  by .  785 J^.     Art. 
782. 
Given,  the  area  of  a  circle  to  find  its  diameter: 

Rule. — Divide  the  area  by  .  785^^  and  extract  the  square 
root  of  the  quotient.     Art.  783. 
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To  find  the  area  of  a  sector : 

Rule. — Divide  the  number  of  degrees  in  the  arc  of  a  sector 
by  360.  Multiply  the  result  by  the  area  of  the  circle  of  which 
the  sector  is  a  part.     Art.  784. 

To  find  the  area  of  a  segment  of  a  circle : 

Rule. — Draiv  radii  from  the  center  of  the  circle  to  the 
extremities  of  the  arc  of  the  segment ;  find  the  area  of  the 
sector  thus  formed,  subtract  from  this  the  area  of  the  triangle 
formed  by  the  radii  and  the  chord  of  the  arc  of  the  segment^ 
and  the  result  is  the  area  of  the  segment.     Art.  785« 


THB    ELLIPSB. 

To  find  the  perimeter  of  an  ellipse: 

Rule. — Multiply  the  major  axis  by  1.82^  (indthe  minor  axis 
by  1.815.  The  sum  of  the  results  will  be  the  perimeter.  Art. 
788. 

To  find  the  exact  area  of  an  ellipse: 

Rule.^^ — The  area  of  an  ellipse  is  equal  to  the  prodtut  of  its 
two  diameters  multiplied  by  .785^.     Art.  789. 

To  find  the  area  of  any  plane  figure: 

Rule. —  The  area  of  any  plane  figure  may  be  found  by 
dividing  it  into  triangles,  quadrilaterals,  circles  or  parts  of 
circles,  and  ellipses,  finding  the  area  of  each  part  separately^ 
afid  adding  them  together.     Art.  790. 


THB  PRISM  AND  CYLINDBR. 

To  find  the  area  of  the  convex  surface  of  any  right  prism 
or  right  cylinder: 

Rule. — Multiply  the  perimeter  of  the  base  by  the  altitude. 
Art.  803. 

To  find  the  volume  of  a  right  prism  or  cylinder: 

Rule. —  The  volume  of  any  right  prism  or  cylinder  equals 
the  area  of  the  base  multiplied  by  the  altitude.     Art.  80'1« 
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THE  PYRAMID  AND  CONB. 

To  find  the  area  of  a  right  pyramid  or  right  cone: 

Rule. —  The  convex  area  of  a  right  pyraviid  or  cone  equals 
the  perimeter  of  the  base  multiplied  by  one-half  the  slant 
height.     Art.  809, 

To  find  the  volume  of  a  right  pyramid  or  cone : 

Rule. —  The  volume  of  a  right  pyramid  or  cone  equals  the  area 
of  the  base  multiplied  by  one-third  of  the  altitude.     Art.  81 0« 


THB  FRUSTUM  OF  A  PYRAMID  OR  CONB. 

To  find  the  convex  area  of  a  frustum  of  a  right  pyramid 
or  right  cone: 

Rule. — The  convex  area  of  a  frustum  of  a  right  pyramid 
or  right  cone  equals  one -half  the  sum  of  the  perimeters  of  its 
bases  multiplied  by  the  slant  height  of  the  frustum.     Art. 
814, 

To  find  the  volume  of  the  frustum  of  a  pyramid  or  cone : 

Rule. — Add  the  areas  of  the  upper  base^  the  lower  base^  and 
the  square  root  of  the  product  of  the  areas  of  the  two  bases  ; 
multiply  this  sum  by  one-third  of  the  altitude.     Art.  815* 


THB  SPHBRB. 

To  find  the  area  of  the  surface  of  a  sphere : 

Rule. —  The  area  of  the  surface  of  a  sphere  equals  the  square 
of  the  diameter  multiplied  by  S.  HIG.     Art.  8 1  ?• 

To  find  the  volume  of  a  sphere: 

Rule. —  The  volume  of  a  sphere  equals  the  cube  of  the  diam- 
eter multiplied  by  .5236.     Art.  818. 


FORMULAS    USED    IN    ELEMENTARY 

MECHANICS. 


UNIFORM  MOTION. 

Let  S  =  the  length  of  space  passed  over  uniformly ; 
/  =  the  time  occupied  in  passing  over  the  space  S\ 
V='  the  velocity. 


64  TABLES  AND  FORMULAS. 


V- 

S 
f 

(7.) 

Art.  859. 

5  = 

Vt. 

(8.) 

Art.  859. 

t  — 

s 

V 

(9.) 

Art.  859. 

MASS,  liVBIGHT,  AND  GRAVITY. 

If  the  mass  of  the  body  be  represented  by  w,  its  weight 
by  W^  and  the  force  of  gravity  at  the  place  where  the  body 
was  weighed  by  g^  we  have 

mass  =  7^'ght  of  body    ^^  ^^^  ^  W  Art.  888. 

force  of  gravity  g  ^        ' 


FORMULAS  FOR  GRAVITY  PROBLEMS. 

Let  ]¥•=•  weight  of  body  at  the  surface; 

w  =  weight  of  a  body  at  a  given  distance  above  or 

below  the  surface; 
d  =  distance  between  the  center  of  the  earth  and  the 

center  of  the  body ; 
R  =  radius  of  the  earth  =  4,000  miles. 

Formula  for  weight  when  the  body  is  below  the  surface: 

wR  =  dW.         (11.)    Art.  891. 

Formula  for  weight  when  the  body  is  above  the  surface : 

wd'=  WE",  •  (12.)    Art.  891. 


FALLING  BODIES. 

Let  g  =  force  of  gravity  =  constant  accelerating  force  due 
to  the  attraction  of  the  earth ; 
/  =  number  of  seconds  the  body  falls; 
V  =  velocity  at  the  end  of  the  time  /; 
//  =  distance  that  a  body  falls  during  the  time  /. 

v  =  g/.  (13.)     Art.  896. 

T/iat  is,  the  velocity  aequiredby  a  freely  fallijig  body  at  the 
end  of  t  seconds  equals  82. 16  nml tip  lied  by  the  time  in  seconds. 

/  =  -.  (14.)    Art.  896, 
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That  is,  the  number  of  seconds  during  which  a  body  must 
have  fallen  to  acquire  a  given  velocity  equals  the  giveji  velocity 
in  feet  per  second  divided  by  82, 16. 

h  =  ^.         (15.)     Art.  896. 

Tluit  is,  the  height  from  which  a  body  must  fall  to  acquire 
a  given  velocity  equals  the  square  of  the  given  velocity  divided 
by  2x  32, 16. 

V  =  '/^^gh,  (16.)     Art.  896. 

That  is,  the  velocity  that  a  body  will  acquire  in  falling 
through  a  given  height  equals  the  square  root  of  the  product 
of  twice  32. 16  and  the  given  height. 

h^\gt\  (17.)     Art.  896. 

That  is,  the  distance  a  body  will  fall  in  a  given  time  equals 
32.16  -^  2  multiplied  by  the  square  of  the  number  of  seconds. 

t  =  \fVL.  (18.)    Art.  896. 

g 

That  is,  the  time  it  will  take  a  body  to  fall  through  a  given 
height  equals  the  square  root  of  twice  the  height  divided  by 
32. 16. 


CBNTRIFUGAL   FORCE. 

The  value  of  the  centrifugal  force  of  any  revolving  body, 
expressed  in  pounds,  is 

F  =  .  00034  iVRJSr-,  (19.)     Art.  903. 

in  which  F  =  tentrifugal  force ; 

{F=  total  weight  of  body  in  pounds; 

R  =  radius,  usually  taken  as  the  distance  be- 
tween the  center  of  motion  and  the  cen- 
ter of  gravity  of  the  revolving  body,  in 
feet; 

N  =  nun^b^r  of  revolutions  per  minute^ 
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THE  CENTER  OF  GRAVITY  OF  TUVO  BODIES. 

Let  ./  =  the  distance  between  the  centers  of  the  bodies; 
/,  =  the  short  arm ; 
w  =  weight  of  small  body; 
W=  weight  of  large  body. 

A=   IV ^.^-  (20-)     Art.  911. 

THE  EFFICIENCY  OF  A  MACHINE. 

Let  F  =  the  force  applied  to  the  machine ; 
V  =  the  velocity  ratio  of  the  machine; 
IV  =  the  weight  actually  lifted  or  equivalent  resist- 
ance overcome; 
E  =  the  efficiency  of  the  machine ; 

IV 
Then,  E  =  -py,  (22-)     Art.  950. 

If  the  force  necessary  to  overcome  the  resistance  be  repre- 
sented by  /%  the  space  through  which  the  resistance  acts  by 
S,  and  the  work  done  by  [/,  then  U  =  F  S. 

If  J'F=  the  weight  of  a  body,  and  //  =  the  height  through 
which  it  is  raised,  f/=  W  h.     Hence  the  work  done 

U=FS=W/l  (23.)     Art.    953. 


POWER. 

The  power  of  a  machine  may  always  be  determined  by 
dividing  the  work  do  fie  in  foot-pounds  by  the  time  in  minutes 
required  to  do  the  work;  i.  e. , 

FS 
Power  =  -^T-.  (24.)     Art.  954. 


KINETIC  ENERGY. 

Let  \V=  the  weight  of  the  body  in  pounds; 
V  =  its  velocity  in  feet  per  second ; 
//  =  the  height  in  feet  through  which  the  body  must 
fall  to  produce  the  velocity  v; 

m  =  the  mass  of  the  body  =  — .     (See  formula  lO.) 

9 
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The  work  necessary  to  raise  a  body  through  a  height  //  is 
JV/i,     The   velocity   produced  in  falling   a   height  A  is  v 

=  -/^^A  a^d  A  =  5—.     (See  formulas  15  and  16.) 

v"  W 

Therefore,  work  =  WA  =  W-^r-  =  i  X  —  X  2/'  =  i  w  z/',  or 

fTA  =  i  #«  z;*.  (25.)    Art.  957. 


DENSITY. 

The  density  of  a  body  is  its  mass  divided  by  its  volume 
in  cubic  feet. 

Let  D  be  the  density ;  then  the  density  of  a  body  is 

D  =  -^.     Since  m  =  —,D  =  -^.  (26.)    Art.  962. 

V  g  gV  ^        ' 


RULES   AND    FORMULAS    USED    IN   HYDRO- 
MECHANICS. 


PASCAL'S  LAl^ir. 

Rule  I. — TAe  pressure  per  unit  of  area  exerted  anywAere 
upon  a  mass  of  liquid  is  transmitted  undiminisAed  in  all 
directions^  and  acts  wit  A  the  same  force  upon  all  surfaces  in 
a  direction  at  riffiit  alleles  to  those  surfaces. 


THB  GBNBRAL  LAW  FOR  THB  DOWNWARD  PRBSSURB 
UPON  THE  BOTTOM  OF  ANY  VBSSBL. 

Rule  II. —  The  pressure  upon  the  bottom  of  a  vessel  con- 
taining a  fluid  is  independent  of  the  shape  of  the  vessel ^  and 
is  equal  to  the  weight  of  a  prism  of  the  fluid  whose  base  has 
the  same  area  as  the  bottom  of  the  vessel,  and  ivAose  altitude 
is  the  distance  between  the  bottom  and  the  upper  surface  of 
the  fluid  plus  the  pressure  per  unit  of  area  upon  the  upper 
surface  of  the  fluid  multiplied  by  the  area  of  the  bottom  of 
the  vessel, 

GBNBRAL  LAW  FOR  UPWARD  PRBSSURB. 

Rule  III. —  The  upward  pressure  on  any  submerged  hori- 
zontal surface  equals  the  weight  of  a  prism  of  the  liquid 
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whose  base  has  an  area  equal  to  the  area  of  the  submerged 
surface^  and  whose  altitude  is  the  distance  between  the  sub- 
merged surface  and  the  upper  surface  of  the  liquid  plus  the 
pressure  per  unit  of  area  on  the  upper  surface  of  the  fluid 
multiplied  by  the  area  of  the  submerged  surface. 


GBNBRAL  LAIRT  FOR  LATBRAL.  PRBSSURB. 

Rule  IV. —  The  pressure  upon  any  vertical  surface  due  to 
the  weight  of  a  liquid  is  equal  to  the  weight  of  a  prism  of 
the  liquid  whose  base  has  the  same  area  as  the  vertical  sur- 
face^ and  whose  altitude  is  the  depth  of  the  center  of  gravity 
of  the  vertical  surface  below  the  level  of  the  liquid. 

Any  additional  pressure  is  to  be  added  as  in  the  previous 
cases.  

GBNBRAL   LAIJIT  FOR  PRBSSURB. 

Rule  V. — The  pressure  exerted  by  a  fluid  in  any  direction 
upon  any  surface  is  equal  to  the  weight  of  a  prism  of  the 
fluid  whose  base  is  the  projection  of  the  surface  at  right  angles 
to  the  direction  considered^  and  whose  height  is  the  depth  of 
the  center  of  gravity  of  the  surface  below  the  level  of  the 
liquid,  

SPBCIFIC  GRAVITY. 

Let  W  be  the  weight  of  the  solid  in  air  and  W  the  weight 
in  water;  then,  JF—  W  •=•  the  weight  of  a  volume  of  water 
equal  to  the  volume  of  the  solid,  and 

W 
^P-  ^^-  =   ^_  ^rr  (27.)     Art.  991. 

If  the  body  be  lighter  than  water,  a  piece  of  iron  or  other 
heavy  substance  must  be  attached  to  it  sufficiently  heavy 
to  sink  both.  Then  weigh  both  bodies  in  air  and  both  in 
water. 

Let  W  =  weight  of  both  bodies  in  air; 
W  =  weight  of  both  bodies  in  water; 
w  =  weight  of  light  body  in  air: 
W^  =  weight  of  heavy  body  in  air; 
W^  =  weight  of  heavy  body  in  water 


TABLES  AND  FORxMULAS.  69 

Then,  the  specific  gravity  of  the  light  body  is  given  by 

Sp.  Gr.  =  /^__  py,y.  __  /py  _  lyy  (28.)     Art.  992. 

To  find  the  specific  gravity  of  a  liquid : 

Weigh  an  empty  flask ;  fill  it  with  water ^  then  weigh  it, 
and  find  the  difference  between  the  two  results ;  this  will 
equal  the  weight  of  the  water.  Then  weigh  the  flask  filled 
with  the  liquid  and  subtract  the  weight  of  the  flask  ;  the  re- 
sult is  the  weight  of  a  volume  of  the  liquid  equal  to  the 
volume  of  the  water.  The  weight  of  the  liquid  divided  by 
the  weight  of  the  water  is  the  specific  gravity  of  the  liquid. 

Let  W  =  the  weight  of  the  flask  and  liquid ; 
W  =  the  weight  of  the  flask  and  water; 
w  =  the  weight  of  the  flask. 

^^""^^  Sp.  Gr.  =  -^7^.  (29.)    Art.  993. 


FORMULAS    FOR    FLOW^   OF   W^ATER. 


MEAN  VBLOCITT. 

Let  Q  =  the  quantity   in   cubic  feet  which  passes  any 
section  in  1  second ; 
A   =  the  area  of  the  section  in  square  feet ; 
Vy^  =  the  mean  velocity  in  feet  per  second. 

Then,  Q^Av^,        (31.)    Art.  1003. 

and  ^-'^:J-  ^^^-^     ^^^'  1003. 

VELOCITY  OP   BPFLUX  FROM  AN  ORIFICB. 

Let   V  =  the  velocity  of  efflux  in  feet  per  second ; 
//  =  the  head  in  feet  on  the  orifice  considered; 
h^  =  the  head  equivalent  to  a  pressure/; 
W  =  the   weight  of  the  water    in    pounds    flowing 
through  the  aperture  per  second. 

Wv^ 
The  kinetic  energy  of  the  issuing  water  =  — — . 
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The  work  the  issuing  water  can  do  =  WA. 

Wh  =  -— ,  or  z;  =  i^2^A. 

h  =  -^T,  where  h^  is  in  feet,  and  /  in  pounds  per 

square  inch. 

h^  =z  -7^,  where  /i^  is  in  feet,  and  /  in  pounds  per 

square  foot. 
A  +  //,  =  the  tota/  head. 

V  =  V^(//,  +  //).  (33.)    Art.  1007. 

If  a  is  the  area  of  a  large  orifice  in  the  bottom  of  a  small 
vessel  whose  area  is  A^  the  velocity  is 

^|/IlZJ_.  (35.)     Art.  lOlO. 

Actual  velocity  of  efflux  from  a  small  square-edged  orifice : 

z/  =  .  98  /2^  (36.)     Art.  1  Ol  3. 

Actual  quantity  discharged   from   a  small  square-edged 
orifice : 

Q=z.615Av.  (37.)    Art.  1  Ol  5. 


THBORBTICAL  AND  ACTUAL  DISCHARGB. 

Let  Q  =  theoretical  number  of  cubic  feet  discharged  per 

second ; 
v^  =  theoretical  mean  velocity  through  orifice  in  feet 

per  second  =  Q-r-  A; 
A   =  area  of  orifice  in  square  feet ; 
//    =  theoretical    head    necessary    to    give    a   mean 

velocity  v^, 
(2o  =  actual   quantity   discharged  in   cubic   feet   per 

second. 

Then,  for  an  orifice  in  a  thin  plate,  or  a  square-edged 
grifice   (the  hole  itself    may  be  of   any   shape,    triangular, 
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square,  circular,  etc.,  but  the  edges  must  not  be  rounded), 
the  actual  quantity  discharged  is: 


Qa  =  .615  e  =  .615^  z/^  =  .615^1  /2^.  (38.) 

Art.  1017. 

For  a  discharge  through  a  short  tube. 


(2a=.815  Q=,S15A  v^=:.Si5A  ^tgh,     (39.)   Art.  1017. 
For  a  discharge  through  a  mouthpiece, 

(7^=.97(7=.07yii/^=.l)7yi4/2^.  (40.)    Art.  1017. 

For  a  discharge  through  the  compound  mouthpiece,  the 
area  of  the  orifice  being  taken  as  the  area  of  the  smallest 
section, 

J2a  =  1.552G  Q  =  1.5526^  v^  =  1.5526  A  i/TgA.  (41.) 

Art.  1017. 

In  these  four  formulas  it  is  taken  for  granted  that  there 
is  a  constant  head. 

FLOl^ir  OF  WATBR  THROUGH  WEIRS. 

If  t/=  the  depth  of  the  opening  in  feet,  and  b  its  breadth 
in  feet,  the  area  of  the  opening  is  A  =  d  X  b^  and  the  theo- 
retical discharge  is  (?  =  ^/  X  ^  X  ^'m  =  ^^  X  f  ^  2gh  = 
\bd  1^ %gd^  the  head  for  this  case  being  taken  as  d. 

The  actual  discharge  is 


j2a=.615(2  =  .G15X|^^//277=.41^i/2^.  (42.) 

Art.  1020. 

That  is,  the  actual  discharge  through  a  weir  in  cubic  feet 
per  second^  whose  top  is  on  a  level  with  the  upper  surface  of 
the  water ^  is  equal  to  ,J^1  multiplied  by  the  breadth  of  the 
weir,  multiplied  by  the  square  root  of  2  g  times  the  cube  of  the 
depth  of  the  weir.     All  dimensions  are  to  be  taken  in  feet. 

To  obtain  the  mean  velocity  v^^  divide  the  actual  discharge 
by  the  area  of  the  weir,  or 

V,  =  -J  =  ^.  (43.)    Art.  1 02a 
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For  a  weir  whose  upper  edge  is  below  the  level  of  the 
upper  surface  of  tlje  water,  let  h^  be  the  depth  in  feet  of  the 
top  of  the  weir  below  the  surface  of  the  water,  and  h  the 
depth  in  feet  of  the  bottom  of  the  weir  below  the  surface  of 
the  water.     The  actual  discharge  Qa  in  cubic  feet  per  second  is 

Qa^Alb ^ (VT«  -  /V)-  (44.)    Art.  1022. 


FLOW  OF  W^ATER  IN  PIPES, 


THB  BiBAN  VELOCITY  OP  DISCHARGB. 

For  straight  cylindrical  pipes  of  uniform  diameter: 

Let  v^  =  mean  velocity  of  discharge  in  feet  per  second ; 
h    =  total  head  in  feet  =  the  vertical  distance  between 

the  level  of  the  water  in  the  reservoir  and  the 

point  of  discharge; 
/    =  length  of  pipe  in  feet ; 
d   =  diameter  of  pipe  in  inches; 
f   =  coefficient  of  friction. 


Then,         z/,„  =  2.315  Vj^^^.  (45.)    Art.  1024. 

When  the  pipe  is  very  long,  compared  with  the  diameter, 
the  following  formula  may  be  used : 

v^  ib=  2. 315  vS.  (46.)    Art.  1 027. 

THB  ACTUAL  HBAD. 

The  actual  head  necessary  to  produce  a  certain  velocity 
Vy^  may  be  calculated  by  the  formula 

^^  =  4^5^+ -0233  z^V  (47.)     Art.  1029. 


THE  QUANTITY  DISCHARGBD  FROM  PIPBS. 

Let   ^=the   diameter  of    the  pipe  in   inches,  then  the 
discharge  Q  in  gallons  per  second  is 

Q  =  .0408  d^  v^,  (48.)     Art.  1 030. 
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If  the  diameter  of  the  pipe  and  the  discharge  are  known, 
the  mean  velocity  v^  is 

24.61  Q 


Z^m  = 


(49.)    Art.  1031. 


If  the  head,  the  length  of  the  pipe,  and  the  diameter  of 
the  pipe  are  given,  to  find  the  discharge  use  the  formula 

Q  =  .09445  d^  /y/1^.  (50.)    Art.  1032. 

To  find  the  value  of  /,  calculate  v^  by  formula  46,  assu- 
ming that  /=  .025,  and  get  the  final  value  of  /  from  the 
following  table.     Art.  1033. 


«'»- 

O.I 

0.2 

0.3 

0.4 

0-5 

0.6 

/= 

.0686 

.0527 

.0457 

.0415 

.0387 

•0365 

Vn,- 

0.7 

0.8 

0.9 

I 

1* 

li 

f" 

•0349 

.0336 

.0325 

•0315 

.0297 

.0284 

«'«  = 

2 

3 

4 

6 

8 

12 

/  = 

.0265 

.0243 

.0230 

.0214 

.0205 

.0193 

NOTB. — The  values  given  in  the  above  table  are  calculated  by  the 

.0171 


f  ()rmula/=.  014393 -4- 


ri56 


y^ 


TO  CALCULATE  THB  DIAMBTBR  OF  A  PIPB. 

Neglecting  the  fraction  \  dm  formula  50,  and  solving 
for  d^ 

Assuming  that  /  =  .  025,   for  a  trial  value,   the  above 
equation  then  becomes 


</=  1.229 


(51.)    Art.  1035. 
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Formula  50  may  also  be  written 
^=2.57V^SZ^ZIS.  (52.)    Art.  1035. 

By  aid  of  formulas  51  and  52,  the  diameter  of  a  pipe 
may  be  approximated  as  follows: 

Rule. — Find  the  value  of  d  by  formula  51;  substitute 
this  value  in  formula  49^  and  find  the  value  of  v^.  Then 
find  from  the  table  the  value  of  f  corresponding  to  this  value 
of  v^.  Substitute  the  values  of  d  and  f  Just  found  in  the 
right-hand  member  of  for^nula  52^  and  solve  for  d;  the  result 
will  be  the  diameter  of  the  pipe^  nearly  enough  for  all  practical 
purposes,  

FORMULAS   USED    IN   PNEUMATICS. 


PRBSSURB,    VOLUME,     DENSITY,    AND     ^WEIGHT     OP    AIR 
WHEN  THE  TEMPERATURE  IS  CONSTANT  : 

Mariotte's  I^a-w. — The  temperature  remaining  the  same, 
the  volume  of  a  given  quantity  of  gas  varies  inversely  as  the 
pressure. 

Let  /  =  pressure  for  one  position  of  the  piston ; 

/,  =  pressure  for  any  other  position  of  the  piston ; 
V  =  volume  corresponding  to  the  pressure  / ; 
v^  =  volume  corresponding  to  the  pressure  p^. 

Then,  pv=p^  v^.     (53.)     Art.  1049. 

Let  D  be  the  density  corresponding  to  the  pressure  /  and 
volume  V,  and  Z>,  be  the  density  corresponding  to  the 
pressure  p^  and  volume  v^ ;  then, 

p  :B  =p^:D^,  oTpD^  =  p^  D,      (54.)     Art.  1052. 

and  v\ D^  ^i\\D,   or  v D  =  v^  D^,      (55.)     Art.  1052. 

Thus,  let  W  be  the  weight  of  a  cubic  foot  of  air  or  other  gas, 
whose  volume  is  v,  and  pressure  is  / ;  let  IV^  be  the  weight 
of  a  cubic  foot  when  the  volume  is  t^„  and  pressure  is  p^; 
then, 

/  fF,=A  ^V-      (56.)     Art.  1052. 

vW^v^  IV^.     (57.)     Art.  1052. 
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PRESSURB     AND    VOLUMB    OF    A    GAS    l^ITH    VARIABLB 

TBMPBRATURB : 

Gay-Lrussac's  I^a^w. — If  the  pressure  remains  constant^ 
Cilery  increase  of  temperature  of  i°  F,  produces  in  a  given 
quantity  of  gas  an  expansion  of-^^  ^f  ^^^  volume  at  32^  F, 

If  the  pressure  remains  constant  it  will  also  be  found  that 
every  decrease  of  temperature  of  1°  F.  will  cause  a  decrease 
of  y^-y  of  the  volume  at  32°  F. 

Let  V  =  original  volume  of  gas ; 
z\  =  final  volume  of  gas; 
/  =  temperature  corresponding  to  volume  v; 
/j  =  temperature  corresponding  to  volume  v^. 

Then,  v^  =  V  (^±^\  (58.)     Art.  1054. 

That  is,  t/ie  volume  of  gas  after  heating  {or  cooling^  equals 
the  original  volume  multiplied  by  JfiO  plus  the  final  tempera- 
ture divided  by  Jf60  plus  the  original  temperature. 

Let  /  =  the  original  tension ; 

/  =  the  corresponding  temperature; 
/,  =  final  tension ; 
7,  =  final  temperature. 

Then,  p^=p(^thy  (59.)    Art.  1055. 

Let    /  =  pressure  in  pounds  per  square  inch; 
F=  volume  of  air  in  cubic  feet; 
7"=  absolute  temperature; 
^F=  weight  in  pounds. 

Then,  /  ['=.^7052  T.     (60.)     Art.  1056. 

If  the  weight  of  the  air  be  greater  or  less  than  1  pound, 
the  following  formula  must  be  used : 

pV=  .37052  ]V  T,     (61.)     Art.  1057. 

Let  /„  Kj,  and  T^  represent  the  pressure,  volume,  and 
temperature  of  the  same  weight  of  air  in  another  state; 
then, 

^^^^.        (62.)    Art.  1058. 
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M IXTURB    OF    TWO    GASES    HAVING  UNBQUAI.  VOLUMB9 

AND  PRESSURES. 

Let  V  and  /  be  the  volume  and  pressure,  respectively,  of 
one  of  the  gases. 

Let  v^  and  /,  be  the  volume  and  pressure,  respectively,  of 
the  other  gas. 

Let  V  and  P  be  the  volume  and  pressure,  respectively,  of 
the  mixture.     Then,  if  the  temperature  remains  the  same, 

VP=^vp  +  v^p^.     (63.)    Art.  1 062. 


MIXTURE  OP  TW^O  VOLUMES  OF  AIR  HAVING  UNEQUAX 
PRESSURES,  VOLUMES,  AND  TEMPERATURES. 

If  a  body  of  air  having  a  temperature  /„  a  pressure/,,  and 
a  volume  z/,,  be  mixed  with  another  volume  of  air  having  a 
temperature  /,,,  a  pressure/,,  and  a  volume  v^^  to  form  a 
volume  V  having  a  pressure  P,  and  a  temperature  /,  then, 
either  the  new  temperature  /,  the  new  volume  V^  or  the  new 
pressure  P  may  be  found,  if  the  other  two  quantities  are 
known,  by  the  following  formula,  in  which  7^„  T',,  and  T 
are  the  absolute  temperatures  corresponding  to  /„  /„  and  /: 

P  K  =  p^  +  ^]  r.       (64.)    Art.  1 063. 
FORMULAS   USED    IN    HEAT. 


TO    CHANGE    FAHRENHEIT    TEMPERATURES     TO    CENTI- 
GRADE, AND  CENTIGRADE  TO  FAHRENHEIT. 

Let   t^  =  temperature  Centigrade,    and  fy  =  temperature 
Fahrenheit.     Then, 

/^  =  I  /,  +  32°,         (65.)     Art.  1 1 04. 

and  /,  =  {fj,  -  32°)  |.     (66.)     Art.  1 104. 


EXPANSION  OR  CONTRACTION  OF  BODIES  FROM  CHANGES 

OF  TEMPERATURE. 

Let  L   =  length  of  any  body ; 

/  =  amount  of  expansion  or  contraction  due  to  heat- 
inj2^  or  coolinj^  the  body; 
A   =  area  of  any  section  ot  the  body; 
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a  =  increase  or  decrease  of  area  of  the  same  section 
after  heating  or  cooling  the  body ; 

V  =  volume  of  the  body ; 

V  =  increase  or  decrease  in  volume  due  to  heating  or 

cooling  the  body; 
C,  =  coefficient  of  expansion  taken  from  column  1, 

Table  1 ; 
C,  =  coefficient  taken  from  column  2,  Table  1 ; 
C,  =  coefficient  taken  from  column  3,  Table  1 ; 
/  =  difference  in  degrees  of  temperature  between 

the  original  temperature  and  the  temperature  of 

the  body  after  it  has  been  heated  or  cooled. 

Then,  l^  LCj\  (67.)  Art.  1113. 
a^AC^t',  (68.)  Art.  1113. 
z;  =  F  C,  /.     (69.)     Art.  1113. 


RJS8ULTING    TBMPBRATURBS    AND    SPECIFIC    HBAT8   OP 
THB  MIXTURB  OF  SBVBRAL  BOOIBS  HAVING 
UNBQCJAI.  TBMPBRATURBS. 

,-  ^.^1^+1^'^,^+  1^,^,^  +  etc.    j         (73.) 

W^i-^i^  ^,-^.+  H^.^.  +  etc.       '  I  Art.  1136. 

^r  ,  _^K^,(/,- 0+1^^.(^-0  + etc.         (        (74.) 

W^,  (/  -  /.)  '      (  Art.  1 1 37. 

in  which  /  is  the  final  temperature  of  the  mixture;  H^„  J„ 
and  /,,  the  weight,  specific  heat,  and  temperature,  respect- 
ively, of  on^  body;  JT,,  j,,  and  /,  the  same  for  second  body; 
and  W^^  J„  and  /,  the  same  for  a  third  body,  etc. 


WORK  nONB  BY  THB  ISOTHBRMAI.  BXPAN8ION  OF  A  GAS. 

L  =  the  work  in  foot-pounds; 

P  =  the  total  initial  pressure  in  pounds  per  square  foot; 

P^  =  the  total  final  pressure  in  pounds  per  square  foot; 

V  =  the  initial  volume  in  cubic  feet; 

F,  =  the  final  volume  in  cubic  feet. 

L  =  2.3026  P  V  log  -^.  (75.)    Art.  1 160. 


78  TABLES  AND  FORMULAS. 

P       V 
Since  PV-=-  P^  K,,  -75-  =  -77^,  and  formula   75  might    be 

written 

Z  =  2. 3026  P  V  log  -^.  (76.)     Art.  1 1 60. 

Whichever  formula  is  used  it  must  be  kept  in  mind  that 

V        P 
the  fraction  -y^  or  -p-  must  always  be  greater  than  1 ;  that  is, 

the  numerator  must  always  be  greater  than  the  denominator. 


WORK  REQUIRED  TO  COMPRESS  A  GAS  ISOTHERMALLT. 

i  =  2. 3026  P  V  log  -^,  (77.)  and 

Z  =  2. 3026  P  V  log  -^,  (78.)     Art.  1 1 62. 

in  which  the  letters  have  the  same  meaning  as  before,  and 
the  larger  volume  or  pressure  is  always  ifi  the  numerator. 

Formulas  75,  76,  77,  and  78  will  be  easier  to  use  if 
the  pressure  be  taken  in  pounds  per  square  inch,  and 
144X2.3026  =  331.5744  be  substituted  for  2.3026.  As 
before,  the  volume  must  always  be  taken  in  cubic  feet. 
Formulas  75  and  76  then  become 

L  =  331.5744/  V\og-^,  (79.) 

L  =  331.5744/  Flog  4,  (80.)     Art.  1163. 

in  which  /  =  pressure  in  pounds  per  square  inch. 


RELATIOIV  BETIJVEEN  PRESSURES   AND  VOLUMES  OF  AIR 
DURING   ADIABATIC  EXPANSION  OR  COMPRESSION. 

Let/  and  v  =  the    volume    and    pressure    during    one 

stage ; 
/,  and  v^  =  the  volume  and  pressure  during  the  next 

stage ; 
/,  and  ^,  =  the  volume  and  pressure  during  the  third 

stage,  etc. ; 

then/z/'*»  =p,Vi'*'  =A^V  =  etc.        (81.)     Art.  1164. 
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mrORK  DONB  BV  THE  ADIABATIC  EXPANSION  OF  AIR. 

Let  L  =  work  in  foot-pounds ; 

P  =  initial  pressure  in  pounds  per  square  foot; 
P^  =  final  pressure  in  pounds  per  square  foot; 
V  =  initial  volume  in  cubic  feet; 
F,  =  final  volume  in  cubic  feet. 

Z  =  2.44PFri~(-^y"],  (82.)    Art.  1165. 

l-(-pM       J.        (83.)    Art.  1166. 

Let/  and/,  be  the  initial  and  final  pressures,  respectively, 
in  pounds  per  square  inch,  then, 

L  =  351.36/  fTi  -  (-^)   '],  (84.) 

L  =  351.30/  f[i  -  (y)  ""']•  (85.)     Art.  1167. 

The  relation  between  the  pressures  and  temperatures,  and 
the  volumes  and  temperatures,  during  the  adiabatic 
expansion  of  air,  are  given  by  the  following  formulas: 

(r>\  .99078  'r 

-jj)        ='Y'  (86.)    Art.  1170. 

j^j     =-^.  (87.)    Art.  1170. 

To  obtain  the  area  of  the  diagram  representing  the  adia- 
batic compression  of  air,  the  following  formula  may  be  used 
which  gives  it  directly  when  /  and  /,  are  the  greater  and 
lesser  pressures,  respectively,  and  Fand  F|  their  correspond- 
ing volumes: 

^  ^  "^^^  ^^'  =  area.     (88.)    Art.  1 1 72. 

EFFICIENCY  OF  A  PERFECT  HEAT  ENGINE. 

P  V  V 

Let  c  =     y,  ',  and  r  =  y;~,  then,  the  efficiency  of  a  perfect 

heat  engine  =  gA^'^^J^g/'  ( ^.  "  ^^  =  E  -  ^' "  ^'    (89  \ 
neat  engine-        2.3026^  7; log r,  ^  T,         ^®*'*' 

Art.  lis;?. 
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That  is,  for  a  perfect  heat  engine^  operating  through  a  re^ 
versible  cycle  process^  the  efficiency  of  the  machine  is  the 
ratio  of  the  difference  of  the  absolute  temperatures  of 
the  sources  of  heat  and  of  cold  to  the  absolute  temperature 
of  the  source  of  heat,  

FORMUI.AS  USBD  IN  STEAM  AND  STEAM 

ENGINES. 


RBLATION    BBTl^BBN    THB     PRBSSURB    AND    TBMPBRA- 

TURB  OF  SATURATED  8TBAM. 

Let  /  =  temperature,  Fahrenheit; 

7"=  absolute  temperature  =  /  +  460°; 
/  =  absolute  pressure  (pressure  above  vacuum)  in 
pounds  per  sq.  in. 

T..<r^-rinn7      ^>'^^^-'^8      400,215     (        (9a) 
Log/ =  6.1007 J. y..-.   j  Art.  1197. 

TOTAL  HBAT  OF  VAPORIZATION. 

Let  H  =  total  heat  of  vaporization ; 
/  =  temperature ; 

/r=  l,08L94  +  .305  /.  (91.)     Art.  1200. 


SPECIFIC  VOLUME  OF  SATURATED  STEAM. 

p  v\\  =  475,     (92.)  Art.  1 203. 

in  which  /  is  the  pressure  in  pounds  per  square  inch,  and  V 
the  volume  in  cubic  feet  of  a  pound  of  steam  at  the  given 
pressure.  

WORK  DONE  IN  THE  CYLINDER  OF  A  STEAM  ENGINE. 

Let  P  =  the  pressure  on  the  piston  in  pounds  per  sq.  ft. ; 
p  =  pressure  on  piston  in  pounds  per  sq.  in. ; 
V  =  volume  swept  through  by  the  piston; 
IV  =  work  in  foot-pounds. 

Then,         IV=  P  V=  144/  V.  (93.)     Art.  1212, 


RELATION    BET>VEEN    CLEARANCE,    CUT-OFF,    AND    NUM- 
BER  OF  EXI>ANSIONS,   OR   RATIO    OF    EXPANSION. 

Let  e  =  the  number  of  expansions; 

i  =  the  clearance,  expressed  as  a  per  cent,  of  the  stroke ; 
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k  =  the  real  cut-off; 
>fcj=  the  apparent  cut-off; 

r  =  the  apparent  number  of  expansions  =  -r-. 
Then,  ^  =  ^  and  >&  =  -.  (96.)     Art.  1 254. 

>&  =  ^ii4.  (97.)    Art.  1254. 


rO  FIND  THB    ARBA  OF  A  THEORBTICAL   DIAGRAM  AND 
THB  WORK  RBPRB8BNTBD  BY  THB  DIAGRAM. 

Let  A  =  total  area  of  diagram  in  square  inches; 
/,  =  initial  pressure  measured  in  inches; 
F,  =  volume  at  cut-off  measured  in  inches: 
L  =  work  in  foot-pounds ; 
a  =  net  area  of  diagram ; 
k  =  scale  used  to  lay  off  pressures; 
A,  =  scale  used  to  lay  off  volumes. 

A  =  2, 3026  /,  V,  log  ^\  (94.)    Art.  1 21 5. 

L  =  iUa/t  //,.  (95.)    Art.  1215. 


INDICATBD  HORSBPOW^BR    AND  MBAN  BFFBCTIVB 

PRBSSURB. 

Let  P=  the  M.  E.  P.  in  lb.  per  sq.  in. ; 
A  =  the  area  of  piston  in  sq.  in. ; 
L  =  the  length  of  stroke  in  ft. 
N=  the  No.  of  strokes  per  min. 

Then,  the  work  done  per  minute  is  PL  A  iV foot-pounds. 
One  horsepower  ==  33,000  foot-pounds  per  min. 
Therefore,  the  indicated  horsepower  of  the  engine  is  found 
from  the  formula 

PI  AN 
LH.P.  =  l^^^.  (98.)    Art.  1268. 

When  the  point  of  real  cut-off,  and  the  steam  pressure 
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at  the  beginning  of  the  stroke,  are  known,  the  M.  E.  P.  may 
be  found  approximately  by  the  following  formula: 

M.  E.  P.  =  •«  ^(1+^^-3  log.)  _  ^^^  ^^^^j 

Art.  1269. 

in    which    P-=  absolute    steam    pressure  =  gauge    pressure 

-f-  14.7  pounds; 
e  =  ratio  of  expansion ; 
/  =  absolute  back  pressure. 
/  is   usually   taken   as   about  3  pounds  for  condensing 
engines,  and  17  pounds  for  non-condensing  engines. 


RELATION  BBTWBEN    LENGTH    OF   STROKE,  NUMBER  OP 
REVOLUTIONS,  AND  PISTON  SPEED. 

Let  L  =  length  of  stroke  in  inches; 

R  =  number  of  revolutions  per  minute; 
S  =  piston  speed  in  feet  per  minute. 

LR 


5  = 
Z  = 
R  = 


6 
65 
R 
65 


(lOO.)    Art.  1270. 


RATIO   OF    EXPANSION    IN    A    COMPOUND    OR    TRIPLED 

EXPANSION    ENGINE. 

Let  e  =  ratio  of  expansion  in  high-pressure  cylinder; 
£  =  total  ratio  of  expansion ; 
V  =  volume  of   cylinder   receiving   steam   from   the 

boiler ; 
y=z  volume  of  cylinder  exhausting  into  atmosphere 

or  condenser. 

Then,  £=—.  (1 02.)    Art.  1 298. 


RATIO    BETWEEN    THE   CYLINDERS    OF    A    COMPOUND 

ENGINE. 

Letting  the  letters  have  the  same  meaning  as  in  the  last 
formula,  then  either  of  the  following  formulas  may  be  used: 
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JE  =  2. 72  — ,  or  —  =  -^.  ( 1 03.)     Art.  1 306. 

2/*        V       2.72  ' 

—  =  i/r.  (104.)    Art.  1306. 

4.MOUNT   OF    mrATBR    AND  THB  COOLING    8USFACC   FOR 

CONDBN8BRS. 

Water  Required  by  a  Condenser. 

Let   /,  =  the  temperature  of  departing  condensing  water ; 
/,  =  the  temperature  of  entering  condensing  water; 
/,  =  the  temperature  of  the  condensed  steam  upon 

leaving  the  condenser; 
/f  z=  total  heat  of  one  pound  of  steam  at  the  pressure 

of  the  exhaust ; 
W^=  the  weight  of  water  required  per  pound  of  steam 

condensed. 

^=^^-7lI7-^-  (10«-)    Art.  1323, 

Cooling:   Surface. 

Let  5  =  the  required  surface  in  square  feet; 
W'=-  total  weight  of  steam  used  per  hour. 

Then,  5  =.0944  W.  (106.)     Art.  1325. 


TO  FIND  THB  1¥BIGHT  OF  A  FI.Y-1¥HB£L. 

Let  F,  =  the  greatest  velocity  of  the  crank-pin  in  ft.  per  sec. ; 
Fj=  the  least  velocity  of  the  crank -pin  in  ft.  per  sec. ; 
F^=  average  velocity  of  crank-pin  in  ft.  per  sec. ; 
fF=  required  weight  of  fly-wheel  in  pounds; 
H  =  the  number  of  foot-pounds  per  sq.  in.  of  piston 

represented  by  the  excess  of  crank  effect  over 

the  resistance; 
A  =  area  of  piston  in  square  inches ; 
n  =  ratio  between  radius  of  fly-wheel  and  length  of 

crank ; 

V  —  V 
E  =     '  j^ — -  =  coefficient  of  unsteadiness. 

W=  ^^ff  (107.)    Art.  1328. 

C.    Jy.—i8 
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FORMUI.AS  USED  IN  STRENGTH  OF  MATERIALS. 


UNIT  STRBSS,  UNIT  STRAIN,  AND  COBFFICIBNT  OP 

ELASTICITY. 

Let  P  =  the  total  stress  in  pounds ; 

A  •=■  area  of  cross-section  in  square  inches; 
5  =  unit  stress  in  pounds  per  square  inch; 
/  =  length  of  body  in  inches ; 
e  =  elongation  in  inches ; 
s  =  unit  strain ; 
E  =  coefficient  of  elasticity. 

S=^,orP=A  S.  (108.)  Art.  1345, 

J  =  J,  or  ^  =  Is.  (109.)  Art.  1346. 

i5  =  |  =  ^^^=^.    (IIO.)  Art.  1352. 


STRENGTH  OF  PIPBS  ANO  CYLINDERS. 

Let  d=^  inside  diameter  of  pipe  in  inches; 
/  =  length  of  pipe  in  inches ; 
/  =  pressure  in  pounds  per  square  inch; 
P=  total  pressure ;  then   P  —  p  Id; 
t  =  thickness  of  pipe ; 
5  =  working  strength  of  the  materiaL 

For  longitudinal  rupture 
p  I  d^'^t  I S,  or 
pd  =2t  S,  (111.)     Art.  1365. 

For  transverse  rupture 

pd  =  ^t  S.  (112.)     Art.  1366. 

Since,  for  longitudinal  rupture,  p  d  —  %t  S^  it  is  seen  that 
a  cylinder  is  twice  as  strong  against  transverse  rupture  as 
against  longitudinal  rupture. 

For  pipes  and  cylinders  whose  thickness  is  greater  than 
^0-  of  the  radius,  use  the  following  formula,  in  which 
r  =  the  inner  radius,  and  the  other  letters  have  the  same 
meaning  as  before. 
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/  =  -4^,.  (113.)    Art.  1 367. 

The  following  formula  gives  the  collapsing  pressure  in  lb. 
per  sq.  in.  for  wrought-iron  pipe: 

/  =  0,  GOO,  000  -^.  (114.)     Art.  1 368. 


MOMENT  OP  INERTIA,  RESISTING  MOMENT,  AND  BE^OING 

MOMENT  OF  BEAMS. 

Let  /  =  moment  of  inertia; 
A  =  area  of  cross-section ; 
r  =  radius  of  gyration ; 

c   =  distance  from  neutral  axis  to  outermost  fiber; 
S^  =  ultimate  strength  of  flexure; 
/  =  factor  of  safety ; 
M  =  bending  moment. 

/  =  Ar\  (115.)    Art.  1 396. 

The  resisting  moment  is  given  by  the  expression 

— -^r'  =  — /,  or  5-. 
c  c  c 

For  the  bending  moment 

M=:S^^,  (116.)    Art.  1398. 

and,  when  a  factor  of  safety  is  used, 

J/=^.  (117.)     Art.  1401. 

DEFLECTION  OF  A  BEAM. 

Let    rt  =  a  constant  depending  on  the  manner  of  loading 
the  beam  and  the  condition  of  the  ends; 
s  =  the  deflection ; 
E  =  the  coefficient  of  elasticity; 
/  =  the  length  of  the  beam  in  inches; 
W^=  the  total  Aveight  supported  in  pounds; 
/  =  moment  of  inertia  about  the  neutral  axis. 

^  =  ^-^.  (118.)    Art.  1404. 
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STRENGTH  OF  COLUMNS. 

Let  PF=load  on  a  column; 

5,  =  ultimate  strength  for  compression; 

A  =  area  of  section  of  column; 

f  =  factor  of  safety ; 

/   =  length  of  column  in  inches; 

^  =  a  constant  to  be  taken  from  table ; 

/  =  least  moment  of  inertia  of  cross-section ; 

b  =  length  of  longer  side  of  a  rectangular  column; 

d  =  length  of  shorter  side  of  a  rectangular  column, 

or  tlie  diameter  of  a  circular  column ; 
c   =  length  of  one  side  of  a  square  column. 

W=z     ,^'^.,,..  (119.)    Art.  1411. 


*"  =^  25;  +  ^^te  +  -F-|    lArt.  1413. 
For  a  circular  column, 

d=  1.4142 /-BISS  Wf_^  ^/:3i83  ^K/^.3183  Wf  _^l^y 

(121.)    Art.  1413. 
For  a  rectangular  column,  assume  d,  then, 

*  = ^-^ — ^.  (122.)    Art.  1413. 

STRBNGTH  OF  SHAFTS. 

Let  d  =  diameter  of  a  round  shaft,  or  side  of  a  square 

shaft,  in  inches; 
r  =  a  constant  taken  from  Table  31 ; 
r,  =  a  constant  taken  from  Table  31 ; 
P  •=.  z.  force  applied   at  the  end  of  a  lever  arm   in 

pounds; 
r  =  length  of  lever  arm  in  inches; 
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H"^  horsepower  transmitted  by  shaft; 
iV=  number  of  revolutions  per  minute; 
>fc  =  a  constant  taken  from  Table  32 ; 
^j  =  a  constant  taken  from  Table  32; 
y  =  a  constant  taken  from  Table  32; 
y,  =  a  constant  taken  from  Table  32. 

For  all  solid  shafts  below  11  inches  in  diameter  use  the 
formula 

d  =  cy]^r=c^y^.  (123.)     Art.  1415. 

If  the  diameter  of  a  wrought-iron  shaft  is  greater  than 
12.4',  of  a  cast-iron  shaft  greater  than  10.3',  or  of  a  steel 
shaft  greater  than  13.6',  the  following  formula  should  be 
used: 

d=^k\rFf=k^y^.  (124.)    Art.  1416. 

If  the  shaft  is  hollow  (round)  either  of  the  two  following 
formulas  may  be  used : 

^=^C^''j'/"\  (125.)    Art.  1416. 


or 


H=q,N(^^^-^\  (126.)    Art.  1416. 


SHAFTS   SUBJECTED    TO    COMBINED    BENDING  AND 

T'WISTING. 

Let  B  =  bending  moment; 
T  =  twisting  moment; 

7\  =  the  twisting  moment  which  would  have  the  same 
effect  as  B  and  T  acting  together. 


Then,       T^  =  3  +  ^B"  +  T\  (255.)    Art.  1 99 1 . 

The  twisting  moment  Z",  is  called  the  ideal  t^wisting: 
moment,  and  should  be  used  in  place  of  Pr\n  formulas 
123  and  124  to  determine  the  diameter  of  a  shaft 
subjected  to  combined  bending  and  twisting. 


8d 
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VALUBS  OF  c  AN1>  Ci  TO  BB  USE1>  IN  FORMULA    123. 


Material 

c 

Cx 

Round. 

Square. 

Round. 

Square. 

Wrought  Iron 

Cast  Iron 

.31 

.353 
.297 

.272 

.309 
.26 

4.92 

5.59 
4-7 

4.31 
4.89 

4.  II 

Steel 

VALUES  OF  k,  kx»  g,  AND  «»  TO  BE  USED  IN  FORMULAS 

124,   12ft,  AND    12e. 


Material. 

k 

kx 

9 

9i 

Wrought  Iron 

Cast  Iron 

.0909 

.1145 
.0828 

3.62 

4.56 

3-3 

i|335 
669 

1,767 

.0212 
.0106 

Steel  

.028 

STRENGTH  OF  ROPES  AND  CHAINS. 

Let  P=  working  or  safe  load  in  pounds; 
C  =  circumference  of  rope  in  inches ; 
d  =  diameter  of  the  link  of  a  chain  in  inches. 

For  manila  ropes,  hemp  ropes,  or  tarred  hemp  ropes, 

P=  100  (?.  (127.)     Art.  1417. 

For  iron  wire  rope  of  ^  strands,  19  wires  to  the  strand, 

P=  GOO  C  (128.)     Art.  1418. 

For   the   best  steel  wire  rope,  7  strands,  19  wires  to  the 
strand, 

P=  1,000  (T*.  (129.)     Art.  1418. 

For  open-link  chains  made  from  a  good  quality  of  wrought 

iron, 

P=  12,000  d\  (130.)     Art.  1421. 

and  for  stud-link  chains, 

P=  18,000  d\  (131.)     Art.  1421. 
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FORMULAS  USED   IN  APPLIED  MECHANICS. 


RBLATIO!«   BBTWBBN  THB  DIAMBTGR8    AND  NUMBER  OF 

REVOLUTIONS  OF  PULLEYS. 

Let  D^  —  diameter  of  driving  pulley; . 

N^  =  number  of  revolutions  of  driving  pulley; 

F^  =  diameter  of  driven  pulley ; 

n^  =  number  of  revolutions  of  driven  pulley. 

^  =  ^.  (136.)    Art.  1477. 


HORSEPOWER  OF  BELTS. 

Let    H  =  horsepower  to  be  transmitted; 
IV=  width  of  belt  in  inches; 
S  =  belt  speed  in  feet  per  minute. 

FOR    SINGLE    BELTS. 

H=^-^,  (138.)    Art.  1488. 

^^90^  (139.)    Art.  1488. 

S  =  ^^^.  (140.)    Art.  1488. 

FOR    DOUBLE    BELTS. 

H='-^.  (141.)     Art.  1489. 

^^0307/  {1^2.)     Art.  1489. 

5  =  ^^^^.  (143.)     Art.  1489. 


TEETH  OF  GEAR. WHEELS. 

Let  P=  diametral  pitch; 

D  =  diameter  of  pitch  circle  of  large  gear: 
d  =  diameter  of  pitch  circle  of  small  gear; 
O  D^  outside  diameter ; 
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C  =  circular  pitch ; 

N  =  number  of  teeth ; 

A  =  distance  between  centers  Of  wheels; 

F=  velocity;  i.  e.,  revolutions  per  minute  of  large 

gear. 
ff  =  velocity;  i.  e.,  revolutions  per  minute  of  small 

gear. 

P=  ?^^,  and  (149.) 

C  =  5^^.  ( 1 50.)    Art.  1 556. 

N^DP,  (151.)    Art.  1557. 

(9/?  =  -^  +  ^X;^  =  ^^^^i^.  (152.)    Art.  1557. 

^  =  fr^-  ( 1  «3.)    Art.  1 557. 

o.  141o 

Given  the  distance  between  the  centers  of  two  gears  and 
their  velocities,  the  formulas  for  their  diameters  are 

^=^;         (154.) 
and    D  =  ^4^'  (155.)    Art.  1557. 


THB  PRONY  BRAKB. 

Let  H,  P.  =  number  of  horsepower  absorbed ; 
R  =  length  of  lever  arm  in  feet; 
IV  =:  weight  in  scale  pan ; 
N  =  number  of  revolutions  per  minute; 
r    =  length  of  lever  arm  in  inches. 
rj   n       2  X  3.141G  XRX   IV X  N    ^^ 

"'  ^'  = -xi;(m '  ""' 

H.  P,  --=  .0001004  P  IV  jV,  (156.)     Art.  1593. 

H.  P.  =  .0000158G  r  IV N,  (157.)     Art.  1595. 
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FORMULAS   USED   IX   STEAM  BOIi.ERS. 


STRENGTH  OF  BOILER  SHELLS  AND  TUBES. 

Let  /  =  the  pressure  of  steam  in  pounds  per  square  inch; 
/  =  thickness  of  plate  in  shell  or  tube ; 
d  =  diameter  of  shell  or  tube ; 
5,  =.  ultimate  tensile  strength  of  material ; 
f  =  factor  of  safety ; 
y  =  efficiency  of  joint; 
/  =  length  of  a  tube  subjected  to  external  pressure 

For  tubes  without  riveted  joints, 

/  =  4^-  (1«4.)     Art.  1730. 

/  =  ^^.  (166.)    Art.  1731. 

For  tubes  or  shells  with  riveted  joints, 

(165.) 


/  =  ?^|lZ.         (167.)    Art.  1731. 
For  tubes  subjected  to  external  pressure, 

/  =  1,600,000-^^  (168.)     Art.  1732. 


RIVETED  JOINTS. 

Let  d-=-  diameter  of  rivet  hole  in  inches; 
//  =  pitch  of  rivets  in  inches; 
/  =  thickness  of  plate  in  inches. 

A  =  (l  +  ^V/.  (169.)     Art.  1742. 

For  double-riveted  lap  joints  or  single  butt  joints,  for 
mula  169  becomes 

A  =  (l  +  ^)  ^.  (1 70.)    Art.  1 742. 
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For  double-riveted  double  butt  joints,  formula  170 
becomes 

A=(l  +  ^\d.  (171.)    Art.  1 742. 

The  d  in  the  above  formulas  refers  to  the  diameter  of  the 
rivet  hole,  or  of  the  rivet  after  being  headed. 

The  diameter  of  the  cold  rivet  is  ^'  less. 

For  single  and  double-riveted  lap  joints  and  butt  joints, 
with  one  cover  plate,  the  diameter  of  the  rivet  is 

d=t  +  i'  (172.)     Art.  1742. 

for  values  of  /  between  J'  and  i'^.  For  butt  joints  with 
double  cover  plates,  the  diameter  of  rivet  may  be  taken 
about  li  times  the  thickness  of  the  plate. 


FLAT  SURFACES. 

The  strength  of  a  circular  plate  supported  at  the  edges,  as, 
for  example,  the  head  of  a  boiler  shell,  is  given  by  the 
following  formula: 

5  =  ?^,  (174.)    Art.  1751. 


(175.)    Art.  1751. 


where  5  represents  the  safe  tensile  strength  of  the  material, 
r  the  radius  of  the  plate  in  inches,  /  the  thickness  of  the 
plate  in  inches,  and/  the  pressure  in  lb.  per  sq.  in. 

The  following  formula  gives  the  strength  of  a  square 
unstayed  flat  plate  fixed  along  the  edge  (the  length  of  side 
is  a): 


or  ,  =  |/|. 


(176.)    Art.  1752. 


BOILER  STAYS. 

Let  A  :~  area  in  sq.  in.  of  plate  supported  by  one  stay; 
d  =  smallest  diameter  of  stay  in  inches; 
^  =  pressure  of  steam  in  pounds  per  sq.  in. ; 
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T  =  safe  stress  per  sq.  in.  allowed  on  stay; 
a  =  pitch  for  stays  arranged  at  equal  distances  apart, 
both  horizontally  and  vertically. 

or  d  =  1.13  \/' dA.      [  (177.)     Art.  1756. 


I 


7' 
rf=LL3^|/^,  (178.)     Art.  1756. 

and  ^  =  .  885  d  |/^.  ( 1 79.)    Art.  1 756. 

The  values  of  T  used  in  formulas  177,  178,  and  179 
may  be  taken  as  follows: 

For  copper  screw  staybolts T=  4,000 

Iron  Stays. — For    screw    stays,    and   for    other 
stays   not   exceeding   IJ   inches   in   diameter, 
and  for  all  stays  which  are  welded T=  6,000 

For  unwelded   stays   above   1|    inches    effective 

diameter 7'=  7,500 

Steel  Stays. — For  screw  stays,  and  for  other 
stays  not  exceeding  1^  inches  effective  di- 
ameter  T=  8,000 

For  stays  above  1^  inches  effective  diameter T=  9,000 

No  steel  stays  are  to  be  welded. 

The  size  of  a  diagonal  stay  may  be  calculated  from  for- 
mula  1 78  by  substituting  — ^-y,  for  /,  B  being  the  angle 
between  the  stay  and  the  shell.     Formula  1 78  thus  becomes 

d=lA3i/\jS^.  (180.)    Art.  1758. 

7  cos  JJ  ^  ' 

For  the  strength  of  a  girder  stay : 
Let  /=  length  of  girder  in  inches; 

h  =  distance  between  adjacent  girders  in  inches; 

/  =  steam  pressure  in  lb.  per  sq.  in. ; 

t  =  breadth  of  girder  in  inches  =  ^  d; 

d=^  depth  of  girder  in  inches. 
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^=y^i^-  U81-)    Art.  1761. 

p^h2^,         (182.)    Art.  1761. 

For   the    safe    pressure    allowable    on    a    flat    surface, 
strengthened  by  screw  staybolts: 

Let  /  =  pressure  in  lb.  per  sq.  in* ; 
h  =  pitch  of  staybolts; 
/  =  thickness  of  plate; 
i  =  2L  constant. 

Then,/  =  >&|^,  (183.) 

and  /  =  Af/|.         (184.)    Art.  1763. 

The  constant  k  has  the  following  values: 

For  iron  plates  and  iron  bolts k  =  24,000 

For  low  steel  plates  and  iron  bolts ^  =  25,000 

For  low  steel  plates  and  low  steel  bolts ,k=  28,000 

For  iron  plates  and  iron  bolts  with  nuts k=  40,000 

For  copper  plates  and  iron  bolts ^  =  14,500 


SAFEXY  VALVES. 

For  a  dead-weight  safety  valve : 

Let  A  =  area  of  opening  in  valve  seat  in  sq.  in. ; 

p  =  pressure  at  which  the  valve  is  to  blow  off  (in  lb 

per  sq.  in. ) ; 
W=  dead   weight   in  pounds   (including   weight   of 

valve). 

W=Ap,        Art.  1774. 

For  a  weighted-lever  safety  valve: 

Let  d  =  F  B  =  distance    from    fulcrum    to    weight    in 
inches; 
c    =  F  G  =  distance    from    fulcrum    to    center    of 
gravity  of  lever  in  inches; 
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a   z=  F  V=  distance  from  fulcrum  to  center  of  valve 

in  inches; 
A  =  area  of  orifice  beneath  bottom  of  valve  in  inches; 
IV  =  weight  of  weight  P  in  pounds ; 
IV^  =  weight  of  valve  and  stem  in  pounds ; 
PF,  =  weight  of  lever  in  pounds ; 
P  =  blow-off  pressure  in  pounds  per  sq.  in. ; 
W^=  IV^+  IV^  =  combined  weight  of  valve  and  lever; 
d    =  distance  from  fulcrum  of  center  of  gravity  of  W^ 

and  ^  =  ^{pA-W;)'^W,c  ^ J gg^^  ^^^  J ^^^ 

Also  d  ==^^^-^^^J^.         (187.)    Art.  1778. 

To  find  the  area  of  a  safety  valve: 

Let  a  =  area  of  the  valve  opening  in  square  inches; 

w  =  maximum  weight  of  steam  generated  in  pounds 

per  hour; 
/  =  gauge  pressure  in  pounds  per  square  inch. 

^  =3rT^-  (188.)    Art.  1781. 

DIMeiVSIONS  OP  CHIMNBY8. 

Let  1/  =  height  of  chimney  in  feet ; 
if.  P,  =  horsepower  of  boiler  or  boilers; 

A  =  actual  area  of  chimney  in  square  feet; 
E  =  effective  area  of  chimney  in  square  feet; 
S  =  side  of  square  chimney  in  inches; 
d  =  diameter  of  round  chimney  in  inches; 
/  =  pressure  of  draft  in  inches  of  water; 
Ta  =  absolute  temperature  of  outside  air ; 
Tc  =  absolute  temperature  of  gas  in  chimney. 

P  =  hP-^-y)-  (192-)    Art.  1826. 

^=F^\  ^'^^-^    Art.t826. 
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^=-^^^-=^-.6i/Z.    (194.)  Art.  1827. 

H.  P.  =  3.33  E\^.         (195.)  Art.  1827. 
5  =  12  4/^+  4.    (196.)  Art.  1 827. 

^/=  13.54  i/r+  4.  (197.)     Art.  1827. 

The    maximum  rates  of  combustion    attainable    under 
natural  draft  are  given  by  the  following  formulas : 

Let  F  =  weight  in  pounds  of  coal  per  hour  per  square 
foot  of  grate  area; 
//■=  height  in  feet  of  chimney  or  stack.  . 

Then,    for     anthracite     coal    burned    under    the    most 
favorable  conditions, 

F  =  ^  4/^-  1,  (1 98.)    Art.  1 829. 

and  under  ordinary  conditions, 

F=;zi.5i/7r--l.  (199.)     Art.  1829. 

For  best  semianthracite  and  bituminous  coals, 

F  =  2. 25  /7/,  (200.)     Art.  1 829. 

and  for  less  valuable  soft  coals, 

F  =  d  i/W.  (201 .)    Art.  1 829. 


GRATB  ARBA. 

Let  G  =  area  of  grate  in  sq.  ft. ; 

F  =  rate   of  combustion  in  lb.  per  sq.  ft.  of  grate 

surface  per  hour; 
IV  =  weight  of  steam  generated  per  hour  by  boiler  or 

boilers; 
t  =  evaporation  in  pounds  of  water  per  pound  of 

coal  per  hour. 

Then.  ^  =  ^'  (202.)     Art.  1 830. 

In  using  this  formula   care  must  be  taken  that  M^and  ^ 
are  taken  at  the  same  pressure  and  temperature. 
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TO  RBDUCB  THB  ACTUAL.  BVAPORATION  TO  AN  BOUIV«A- 

LKIVT  EVAPORATION. 

Let  IV  =  the  actual  evaporation; 

//  =  total   heat   of  steam   above  32°  at   pressure  of 

actual  evaporation; 
/  =  observed  temperature  of  feed-water; 
W'=  equivalent  evaporation  from  and  at  212°. 

Then,  lV{H-t+d2)  =  966.1  IV\ 
^^  rr  =  ^^^^^"^.^  +  ^^\  (203.)    Art.  1838. 

The  quantity  ( —  ♦  i  ^)  ^^^^^  changes  actual  evapor- 
ation to  equivalent  evaporation  from  and  at  212°  is  called 
the  factor  of  evaporation. 


TO    FIND    THB    QUALITV    OF    STBAM    BV  MBAN8  OP  THB 

BARREL  CAL.ORIMBTBR. 

Let  IV  =  original  weight  of  water  in  barrel ; 

w  =  weight  of  steam  and  water  condensed  in  the 

cold  water; 
/   =  latent  heat  of  steam  at  observed  pressure ; 
/    =  temperature  of  steam  at  observed  pressure; 
/,   =  initial  temperature  of  water; 
/,  =  final  temperature  of  water ; 
X    =  the  portion  of  7U  which  is  dry  steam ; 
Q   =  quality  of  steam ;  that  is,  the  percentage  of  the 

mixture  evaporated,  which  is  pure  dry  steam. 

<2  =  J=7[|V.- '.)-(/- O]-        (204.)    Art.  1853. 

TO    FIND    THB    QUALITV    OP    8TBAM    BV  MBAN8  OP    THE 

SEPARATOR  CALORIMETER. 

Let  IV  =  weight    of    dry    steam    discharged    from     the 
instrument; 
Zi/  =  weight  of  water  drawn  from  separator; 
R  =  water  condensed  by  radiation: 
Q  =  quality  of  steam. 

e  =  TFT^l^-  <^®*-^    Art.  1855. 


98  TABLES  AND  FORMULAS. 


FORMULAS   USED   IN  MACHINE    DESIGN. 


PROPORTIONS  OF  BOLT  HBADS,  NUTS,  AND  WASHBR8. 

d  =  diameter  of  bolt. 

Diameter  of  nut  or  head  across  flats.* 

Height  of  nut : 

\  :  ^iTror'-fTIhed  wort.  I  (^^'O    ^^  »937. 

Thickness  of  washer,  t  —  Abd,         (222.)     Art.  1937. 

Diameter  of  washer,  Z?,  =  H  Z?,.       (223.)   Art.  1937. 

The  above  proportions  for  diameters  D  hold  for  both 
hexagonal  and  square  nuts.  The  diameter  across  corners 
D^  is  as  follows : 

For  hexagonal  nuts: 

A = I  OS ^: :Jr ;:; s'sr..  »^)  ^^  »««'• 

For  square  nuts: 

*        (  2. 12  «  + .  09  for  finished  nuts.     ^  ' 

Height  of  head : 

'i  ZT-%  ':'  Situs.  }         <*^«-)    ^  »»3T. 


PROPORTIONS  OF  KBTS. 

Let  d  =  width  of  key  in  inches; 

/  =  thickness  of  key  in  inches; 

/  =  length  of  key  in  inches; 
N  =  number  of  revolutions  per  minute; 
H  =  horsepower  transmitted  by  a  pulley. 


►  For  driven  pulleys.       (234.)  Art.  1966. 
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/=*!  ^i  16'  }  For  driving  pulleys.      (235.)  Art.  1965. 


3' 
When  d  is  less  than  1^!^  in, ,  , 


'   (236.)  Art.  1965. 


When  the  pulley  transmits  but  a  small  part  of  the  power 

of  a  shaft,  use  the  formula  d=-  5y  -j^  from  which  to  obtain 

the  value  of  d  to  use  in  formula  236* 
For  sliding  feather  keys, 


8^16 


(237.)    Art.  1965. 


PROPORTIONS  AND  STRENGTH  OF  GBAR-I^HBELA. 

Let  p  =  pressure  acting  at  pitch  line ; 

6  =  breadth  of  tooth ; 

H  =  number  of  revolutions  per  minute; 
H  =  horsepower  transmitted ; 
D  =  diameter  of  gear  in  inches; 
C  =  the  circular  pitch; 
P  =  diametral  pitch ; 
•S  =  allowable  working  stress  in  tooth ; 

V  =  velocity  of  a  point  in  the  pitch  circle  in  feet  per 
minute; 

c  =  thickness  of  rim. 

^  C  =  10. 8 1.  (266.)    Art.  2024. 

Si  V  is  greater  than  100  feet  per  minute  make 

To  insure  durability  make 
^  =  28,000,  or  ^  =  4i^.  (268.)    Art.  2026. 

C.    /F.-.'P 
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To  calculate  the  dimensions  of  the  arms* 

Let  z  =  number  of  arms  in  wheel ; 

a   =.  width  of  arm,  measured  at  center  of  wheel; 

X  =  thickness  of  arm ; 

5,  =•  allowable  safe  stress  in  arm ; 

R  =  radius  of  wheel  in  inches; 

/  =  pressure  between  gears  at  pitch  line. 

For  cross-shaped,  T,  or  I  sections: 

^"^    z'    I  (270.)    Art.  203a 

x=:iC.        J 
For  oval  or  elliptical  sections: 

(271.)    Art.  2030. 


=  1751?^ 


For  thickness  of  rim : 

c  =  :^  C  for  large  gears  and  coarse  pitch. 
^  =  .4  Cx  i'  for  gears  with  small  pitch. 


PROPORTIONS  OF  BBVEL  GBASS. 

Denote  the  mean  circular  pitch  by  C„^, 


Then,  bC^=16.S^ 


(266^.)    Art.  2033. 


c   =AC^  +  i'  =  -^  +  Y.  (269tf.)    Art.  2033. 


(270^.)    Art.  2033. 


X  —  -J-  c^. 


=  1.2  Y- 


bC^R 


rr 


(271a.)    Art.  2033. 
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RULES    AND    FORMULAS    USED     IN     DYNAMOS 

AND  MOTORS. 


DIRECTION  OP  LINES  OF  FORCE   AROUND  A  CONDUCTOR. 

Rule. — If  the  current  is  flowing  in  the  conductor  away 
from  the  observer^  then  the  direction  of  the  lines  of  force  will 
be  around  the  conductor  in  the  direction  of  the  hands  of  a 
watch.     Art,  21 S7.         

TO  DETERMINE  THE  POLARITY  OP  A  SOLENOID. 

Rule. — In  looking  at  the  end  of  the  helix ^  if  it  is  so  wound 
that  the  current  circulates  around  the  helix  in  the  direction  of 
the  hands  of  a  watch^  that  end  will  be  a  south  pole  ;  if  in  the 
other  direction  it  will  be  a  north  pole.     Art.  2160« 


RESISTANCE  OF  CONDUCTORS. 

Let   r,  =  the  original  resistance  of  a  conductor ; 
r,  =  the  changed  resistance : 
/,  =  the  original  length ; 
/,  =  the  changed  length ; 
tf,  =  the  original  sectional  area; 
a,  =  the  changed  sectional  area; 
D  =  the  original  diameter ; 
d  =  the  changed  diameter ; 
k  =  temperature  coefficient; 
/  =  rise  or  fall  in  temperature,  degrees  Fahrenheit 

For  a  change  in  the  length  of  a  conductor: 
r,  =  ^».  (306.)     Art.  2171. 

For  a  change  in  the  sectional  area  of  a  conductor : 
r.  =  ^^.  (307.)    Art.  2172. 

For  a  change  in  the  diameter  of  a  conductor: 
r.  ==  ^.  (308.)    Art.  2 1 73. 
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For  a  rise  in  the  temperature  of  a  conductor: 

r,  =  r,  (1  +  /  it).  (309.)     Art.  21 77- 

For  a  fall  in  the  temperature  of  a  conductor : 


r.  = 


l  +  tk' 


(310.)    Art.  2178. 


RBSI8TANCBS   AND   TEMPBRATURB   COBFFICIBNTS   OK 

DIFFBRBNT   MBTALS- 


Name  of  Metal. 

Resistance, 

Microhms 

per  Cu.  In. 

Relative 
Resistance. 

Temperature 
Coefficient. 

Silver,    annealed 

•5921 

I . 

.002094 

Copper,   annealed .... 

.6292 

1.063 

.002155 

Silver,  hard-drawn. . . 

•6433 

1.086 

.002094 

Copper,  hard-drawn . . 

•6433 

1.086 

.002155 

Gold,    annealed 

.8102 

1.369 

.002028 

Gold,  hard-drawn. . . 

.8247 

1-393 

.002028 

Aluminum,  annealed 

I . 1470 

1-935 

.....     a    • 

Zinc,  pressed 

2.215 

3-741 

.002028 

Platinum,   annealed . 

3-565 

6.022 

Iron,  annealed 

3-825 

6.460 

Nickel,    annealed  .... 

4.907 

8.285 

Tin.  Dressed 

5  .202 
7.728 

8.784 
13-05 

.002028 

Lead,    pressed 

.002150 

German  silver 

8.  240 

13.92 

.000244 

Antimony,  pressed. . . 

13.98 

23.60 

.002161 

Mercury 

37.15 
51-65 

62.73 

87-23 

. 000400 
.001967 

Bismuth,    pressed. . . . 

CURRBNT  STRENGTH,  BLBCTROMOTIVB  FORCB,  AND 

RESISTANCE. 

Let  C=  strength  of  current  flowing  in  a  closed  circuit; 
£  =  electromotive  force; 
R  z=z  resistance. 


(311.)     Art.  2192. 
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/e  =  ~.  (312.)     Art.  2193. 

E^CR,        (313.)    Art.  2194. 


TO  FIND  THB  AVAILABLE:  BLBCTROMOTIVB  FORCE 

IN  A  CELL. 

Let  li  —  the  total  generated  E.  M.  F. ; 

£'=  available  E.  M.  F.  when  the  circuit  is  closed; 
C  =  the  current  flowing  when  the  circuit  is  closed; 
Vi  =  the  internal  resistance  of  the. cell. 

^  =  /:  -  Cr,,  (314.)     Art.  2198. 


THB  CURRBNT  ANI>  RBSISTANCB  IN  BRANCHES  Oi^ 

niVIUBD  CONDUCTORS. 

Let  r,  =  resistance  of  first  branch ; 

r,  =  resistance  of  second  branch ; 

r,  =  resistance  of  third  branch ; 

r,  =  current  in  first  branch ; 

r,  =  current  in  second  branch ; 

C  =  sum  of  the  currents  in  the  two  branches; 

R'  =z  joint  resistance  of  two  branches  in  parallel; 
R'"  =  joint  resistance  of  three  branches  in  parallel. 

c,   =-^f^.    (315.)  Art.  2200. 
''i  +  ^i 

r,  =-^^.     (316.)  Art.  2200. 
''i  +  ^ 

Rn^j:^  (317.)  Art.  2202. 

j^m  ^ f^^^^^, .    (318.)  Art.  2203. 


BLBCTRICAL  QUANTITY. 

Let  Q  =  quantity  of  electricity  in  coulombs; 
C=  current  strength  in  amperes; 
/  =  time  in  seconds; 

Q=Ct.  (31 9.)    Art.  2207, 
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BLBCTRICAI^  UTORK  AND  POUTBR. 

J  =  electrical  work  in  joules; 
F'P  =  work  in  foot-pounds; 

Q  =  quantity  of  electricity  in  coulombs; 
C  =  current  in  amperes ; 

/  =  time  in  seconds  during  which  the  current  flows; 
£  =  potential,  or  E.  M.  F.,  of  circuit; 
R  =  resistance  of  circuit ; 
IV=  power  in  watts; 
ff.  P.  =  horsepower. 


/  =C£t. 

(320.) 

1  Art. 

2209. 

J  =C*Rt. 

(321.] 

1  Art. 

2209. 

J       ye  • 

(322.; 

I  Art. 

2209. 

F-P-  .7373/. 

(323.; 

1  Art. 

22  lO. 

W  =  CE. 

(324.; 

I  Art. 

2211. 

W  -  C*R. 

(325.; 

1  Art. 

2211. 

(326.; 

)  Art. 

2211. 

■iP       ^ 
746" 

(327.; 

)  Art. 

2212. 

W  -H.P.X  746. 

(328.; 

1  Art. 

2213. 

TO  DETERMINB  THB  DIRBCTION  OF  THB  CURRBNT 
CBNBRATBD  IN  A  CONDUCTOR. 

Rule. — Place  thumbs  forefijiger^  and  middle  finger  of  the 
right  hand  so  that  each  will  be perpcndictilar  to  the  other  two  ; 
if  the  forefinger  points  in  the  direction  of  the  lines  of  force ^ 
and  the  thumb  points  in  the  direction  toivards  which  the  con- 
dnctor  is  moving^  then  the  middle  finger  will  point  in  the  di- 
rection toivards  which  the  current  ge?ierated  in  the  conductor 
tends  to  flow.     Art.  2221. 
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DBTBRMINATION  OP  BLBCTRORf OTIVB  PORCB. 

Let  E  =  maximum  electromotive  force  obtained  at  the 

brushes ; 
iV=  total  number  of  lines  of  force  passing  from  north 

pole  through  the  core  to  the  south  pole ; 
5  =  number  of  outside  wires  on  the  periphery  through 

which  the  current  flows  in  serifs  ; 
n  =  number  of  complete  revolutions  per  second  of 

core. 

E  =  ^^f^  (329.)     Art.  2236. 


TO  DBTBRMINB  THB  DIRECTION  OP  MOTION  IMPARTED 

TO  A  CONDUCTOR. 

Rule. — Place  thumbs  forefinger^  and  middle  finger  of  the 
left  hand  each  at  right  angles  to  the  other  two ;  if  the  fore- 
finger points  in  the  direction  of  the  lines  of  force^  and  the 
middle  finger  points  in  the  direction  towards  which  the  cur- 
rent flowSy  then  the  thumb  will  point  in  the  direction  of 
movement  imparted  to  the  conductor.     Art.  2239* 


BFFICIBNCY  OF  A  DYNAMO. 

Let  /  =  input  of  a  dynamo; 
O  =  output; 
E  =  efficiency,  per  cent. 

g^lOOxg  ^33^j^j    Art.  2273. 


PBR   CBNT.  IX>88   IN  A  DYNAMO. 

Let  L  =  per  cent,  loss; 
/  =  input; 
O  =  output. 

^^100(7-0)  ^33j^^    Art.  2274. 

When  the  output  and  efficiency  are  given: 

/=  i22>L^.  (332.)    Art.  2276. 
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When  the  input  and  efficiency  are  given: 

0  =  j^.  (333.)    Art.  2276. 


HORSBPO\irBR»  TORQUB,  AND    NUMBER   OF  RBV0L.UT10NS 

OF  MOTORS. 

Let  H,  P,  =  horsepower. 
T  =  torque ; 
S  =  number  of  revolutions  per  minute. 

H.  P.  =  .0001904  TS.  (334.)     Art.  2346. 

•^'     =Am^-  (335.)    Art.  2346. 

^    =:00§9&^-  (336.)    Art.  2346. 


INDEX 


Note —All  items  in  this  index  rcfor  first  to  the  section  and  then  to  the  pafi^e  of  the 
section.  Thus,  "Addendum  14  51*'  means  that  addendum  will  be  found  on  pxi^e  51 
of  section  14. 


Abbreviations  used  on  draw- 
ings   

Accuracy,  Importance  of 

**  Importance  of 

Accurate  developments 

Addendum 

Alphabet,  Block-letter 

Angle  of  projection    

*'      To  bisect  an  

*'      with    a    given    line.  To 

draw 

Approximate  developments.... 
developments — 
Arc  method  of  secondary  pro- 
jectors  

**    of  circle  equal  in  length  to 

given  straight  line 

'•    T«>  find  center  of  an 

AH.sembly  drawings 

Axial  line 

Axis  of  helix 

"     of  parabola 


Backlash 

Base  circle 

"     line 

Ra.sis  of  pr»>jection 

Bent,  Definition 

Bevel  gear-wheels 

"  gears.  Developing  the 
teeth  of  

**      gears.  How  ti»  draw 

Bisect  an  angle.  To 

"      a  straight  line.  To 

Block-letter  alphabet 


Sfc,  Page  Sec. 

Blueprinting 14 

**  frames 14 

Board,  Drawing 13 

Bolts,  Square-headed    13 

Bore,  Meaning  of 14 

Bow-i>en 18 

*'     pencil 18 

Box,  Clamp 14 

Brace-blocks 14 

Brake 14 

"      14 

"     lever 14 

Brakes 14 

Brass  nipple 14 

C  Sec. 

Calculations,  Definitions  and..  14 

Carrier 14 

Ceiling  plan 15 

Center  line 13 


14 

9 

15 

46 

16 

23 

16 

4 

14 

51 
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